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ABSTRACT

This study was initiated by a Connecticut interagency Committee on Automated
Flood Warning to: (1) develop specifications for establishing an automated coastal
flood monitoring network which would be compatible with the existing statewide
automated riverine flood warning system; and (2) evaluate the feasibility of establishing
a State coastal flood forecast and warning system.

There are currently five automated gages in operation along the Connecticut
coast that measure and record tide and storm surge levels. At present, date from
only one of these gages (Bridgeport) is used as input into the National Weather
Service's (NWS) forecasts and warnings. There are no automated wave gages or
other long-term measurements of waves along the Connecticut coast.

All coastal flood forecasts and warnings are provided by the NWS, and most of
these are based on meteorological data from large scale weather systems -and
specifie storms (such as hurricanes). NWS has developed a state-of-the-art numerieal
model for forecasting storm surge during hurricanes and tropical storms, and this
model has recently been applied in Long Island Sound. In contrast, NWS techniques
for forecasting wave heights and storm surge in Long Island Sound during extratropical
storms are based on limited data and simple statistical models. NWS forecasts and
warnings usually are not site specific, and may apply to the entire Connecticut
coast, to all of Long Island Sound, or to a large subarea such as eastern Long
Island Sound or western Connecticut.

While it is technically feasible for the State of Connecticut to develop its own
models for wave and extratropical storm surge forecasts, such an approach would
be expensive and duplicate NWS responsibilities. This report recommends that the
State work with and encourage NWS to upgrade its forecast techniques for wave
heights and extratropical storm surge. It also recommends that the State supplement
NWS regional forecast data with real-time, site specific storm surge and wave
collected data through a network of automated coastal gages.

A low cost network of automated, real-time gages to measure tides and storm
surge could be deployed that would be compatible with the existing automated
riverine flood warmng system, Adding wave measurement capability to the network
would 51gmflcant1y increase the cost of the system, The addition of wave data
also would require some compromise in either the compatibility of the coastal
monitoring network with the existing riverine system or the type of wave data
collected. Further work is needed to detail the specific system design if wave
data is to be collected as part of the coastal monltormg network.

A series of automated tide and storm surge gages at five permanent sites is
recommended, along with two additional "roving™ gages that can be used to correlate
data at many other coastal locations with data collected at one or more of the
permanent sites, Three of the permanent gage locatmns and the two "roving"
gages could be used for wave measurements.,

Development of the coastal monitoring network can improve NWS coastal forecasts
and warnings, provide State and local emergency management personnel with
needed site specific data on actual storm surge and wave conditions, and benefit
other potential users such as coastal researchers and recreational and commercial
boaters,
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L1 INTRODUCTION

Automated flood warning'syste‘ms were originally developed 'by the National
Weather Service (NWS) during the late 1970's in ordér to increase the amount
of warning time available to people Who live and work in the flood'p'lains of
rivers subject to flash floods. This NWS system, known as ALERT (Automated
Local Evaluation in Real-Time), relies on recent advances in mlcroprocessor
and computer technology to provide accurate, real—tlme mformatlon on preclpl-
tat;on amounts and stream level nsevs within a river basin.

The Connecticut Departrnent of Ennironmental Pfotection (DEP) became convinced
of the potential value of an ALERT system in Connecticut, and in 1982 it formed
an interagency Committee on Automated Flood Warning' (CAFW) This coxnrnittee
developed a Master Plan for a statewide automated flood warmng system known
as ASERT (Automated State Evaluation in Real-time), to be developed jointly

with local ALERT systems. - The initial phases of the ASERT system are currently A

being mstalled along with two pllot ALERT systems.

Within each 'riw{er basin that is bart o'f"tﬂhe Connecticut ASFE'RT‘/ALERT system,
a series of automated precipitation-gages“‘ and "étréam"gages collect information
on rainfall amount and intensity and amount and rate of rise in river levels.
This data is telemetered by VHF radio to NWS, State and local receiving stations
equipped with a microcomputer and s‘oftware for analein'g, displaying and sforing
the information. The system has the capablllty to combme the ralnfall and
streamflow data w1th a_hydrologic model of each basm, and to automatlcally
predlct expected flood levels and tlmes. Informatlon on predlcted flood levels

~can be compared to maps whlch dehneate ‘the areas that will be mnundated

as flood waters reach different hexghts. Appnopnate warmngs may then_lbe
issued for spemflc areas at rlsk. ' '

Although the ASERT/ALERT system was designed for application in river
basins, DEP officials began to consider whether this same concept could be
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applied to coastal flood warnings. Unable to identify a similar coastal system

in operation elsewhere, DEP submitted a proposal to the Federal Emergency
Management Agency (FEMA), and in 1985 received a grant to carry out a study
with two primary objectives:

a

@)

develop 'specifications for establishing an automated coastal flood monitoring
network which is compatible with the statewide ASERT system, and

evaluate the feasibility of establishing a coastal flood warning system
utilizing information from the monitoring network. '

METHODS

In order to design the monitoring network and evaluate the feasibility

of a warning system, it was necessary to evaluate the following:

1))

@)

(3)
@

(5)

()

the formulation and evaluation of numerous alternative monitoring networks;

Existing tide, storm surge and wave monitoring systems in use along the
Connecticut shore.

Existing NWS forecast and warning procedures for storm surge and wave
heights. ‘ : :

The current status of coastal flood warning procedures in Connecticut.

Available technology that could be employed to collect flood data and
improve existing flood forecasts and warnings.

Other potential uses of information generated by a coastal monitoring
network. '

Costs and benefits of implementing a State operated monitoring network
and warning system.

Investigation of these and other issues resulted in findings which permitted

more detailed design of selected networks, each with different capabilities
and degree of compatibility with the ASERT system; and recommendations for

providing coastal flood warnings. The major findings are highlighted in this

summary, and a full discussion is included in the main body of the report.

_" )



1-3

L3 FINDINGS
- i i ‘ .

Staff gages which can be read visually are located at many locations
along the Connecticut coast, primarily at porfs, marinas and Coast Guard stations.
These staff gages do not provide a continuous or permanent record of actual

tide levels.

Recording tide gages are p_résently operated at five sites albn'g the Connec-
ticut coast. These gages record the actual tide and storm surge levels on
either a continuous basis or at selected short intervals. ‘ ’

) Thamgs._my_en_es.tnny_ai_ngw_mndgn Owned and operated by the National
Ocean Service (NOS).

(2) P_mugng_ck_mux_es_tugmjn_ﬁmmn. Owned and operated by the U.S. Geological
_Survey (USGS) in cooperation with DEP v ‘

@) Mmuummmm_nmwmxmk Owned and operated by

the USGS in cooperation with DEP,

(4) Bridgeport Harbor. Owned and operated by the NOS. The Bridgeport Weather
Service Office (WSO) also uses this gage.

(5) Stamford Harbor. Owned by ‘the U.S. Army Corps of Engineers (COE) and
operated by the USGS.

Presently, only the NWS recordings from the NOS gage in Bridgeport Harbor

are actually used as input to any storm surge forecasts and warnings.

There are no wave gages permanently operating along the Connecticut coast."
Wave gages have been installed for short periods as part of research projects.

The NWS is responsible for issuing all coastal storm forecasts and flood
warnings. In large part, these forecasts 'and warnings are based on meteorological
and oceanographic data generated by national and regional NWS-data collection

systems. Locally - generated data often provide only &a. minor input to these
forecasts and warnings. The NWS uses four different proecedures for preparing
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storm surge and wave height forecasts and issuing warnings for the Connecticut
coast and Long Island Sound, depending upon the type of weather condition.

(1) For hurricanes, surge forecasts and warnings are prepared by the National
Hurricane Center (NHC) in Miami. Hurricane forecasts and warnings are
not modified by local NWS offices, although they may be supplemented
with local information that is more geographically specific. No separate
wave height forecast is prepared.

(2) For iropical storms, surge forecasts and warnings are prepared by the
NHC, but may be modified by the Weather Service Forecast Office (WSFO)
in New York City, if warranted by local conditions, as well as supplemented
with more detailed information. No separate wave height forecast is
prepared. '

(3) For extratropical storms, storm surge forecasts are prepared by the NWS
National Meteorological Center (NMC) in Silver Springs, Maryland. The

New York WSFO reviews these surge forecasts and modifies them, as appro-
priate, based on local observations of actual wind, pressure and storm
surge conditions. The New York WSFO also prepares a separate wave height
forecast, and issues a coastal marine forecast and warning for Long Island
Sound (LIS).

(4) Wave height forecasts for pon-storm conditions are also prepared by the
New York WSFO and routinely issued as part of the coastal marine forecast.

L33 C icut Coastal Flood Warning P 1

NWS forecasts and warnings for storm surge and wave conditions in LIS
are disseminated by a combination of NWS, Coast Guard, State agencies, local
officials, and news media. NWS warnings are provided directly to the Coast
Guard, Connecticut Office of Civil Preparedness (OCP), Connecticut State Police
(CSP), some municipalities, and major news media through official emergency
communications links of the National Warning System (NAWAS) and NOAA Teletype.
State officials in turn relay NWS warnings through the State warning network
directly to all municipalities and to selected news media.

NWS forecasts and warnings reach the general public through the NOAA
Weather Radio (NWR), Coast Guard marine radio (for mariners) and, most importantly,
through the news media, especially T.V. and radio. More specific warnings,
such as evacuation notices for residents of vulnerable coastal areas, are
provided by local officials through such means as sirens, public address systems,

car-mounted loudspeakers, door-to-door notification, telephone ecalls, and
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neighborhood associations. In some 'eommuni‘ti-es, local cable T.V. and pad'i'o

. stations may ‘issue specific information provided by the municipal ecivil pre-

paredness offices.

L3.4_ Availabl i E ine Technology.

NUMERICAL MODELS. Complex numerical models for predicting storm sui'ge and
wave action have become feasible with the availability of massive data processing
capability of mddern computers. An NWS model for predicting storm surge during |
hurricanes and tropical storms, called SLOSH (Sea, Lake and Overland Surge
from Hurrican,es),‘ recently became operational‘ for LIS, No equivalent models

for predicting storm surge during extratropical storms (northeastei‘s), or
for predicting wave action, are presently operational for LIS,

INSTRUMENTATION. The recent availability of p'ow.erful microprocessors has
opened up new possibilities for real-time and near real-time data collection,
transmission and processing. The miniature size and low power requirements
of these microprocessors permit large amounts of data to be collected almost
insta‘ntaneously at remote locations, including subsea sites. Sophisticated
electronies have also enabled develdpment of water level measuremént Sensors,
such as pressure transducers and acoustic devices, that do not have moving
parts and do not require contact with the water surface. Data may be processed
at field locations or transmitted via telephone lines, VHF and UHF radio,
and satellite for processing at central receiving stations.

'Unfdrtun”ately, many of the rgc,entf technological advances which .permit
real-time cgllégtion and transmission of data are not based on industry-wide,
uniform standafds.' Therefdre, not all available systems and instrument cbmponents
are compatible with one another. Efforts have just been initiated at the
federal level to establish instrument s‘tandérd's_with which future federal
procurements in this field must 'comply; The present lack of standardization
complicates the ’design of a coastal flood monitoring network for Conneéticut,
and the study requirement to design a monitoring network compatible with the
existing ASERT system somewhat limits the instrumentation that can be con-
sidered and the capabilities of an ASERT compatible system.
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PROGRAMS. Federal, state and local governments have developed programs which
utilize the new modeling and instrumentation technology for navigation, weather
forecasting, flood warnings, research and other purposes. The following federal
agency programs will have a direct impact on coastal flood data and warnings
in LIS and along the Connecticut shore:

(1) The NWS, FEMA, and COE jointly, in cooperation with coastal states, are
using the SLOSH model to estimate storm surge heights for any likely
track and intensity of a hurricane along the Atlantic and Gulf coasts.
Maps are prepared delmeatmg coastal areas that will be flooded during
different hurricanes.

(2) The NOS is planning to upgrede its entire network of permanent tide gages
to permit acquisition of real-time tide and storm surge data and to make
this data available to NWS and other users.

(3) While the new NOS system is being developed and installed, the NWS is
temporarily installing new telemetry equipment at selected NOS tide gage
sites whieh will permit near real-time transmission of tide and storm
surge elevations to NWS offlces responsible for weather forecasts and
warnings.

The NOS upgrade of its tide gage network is still in a program development
and testing phase, and lack of a final choice by NOS for the total system
configuration and instrumentation to be used makes it unclear if a Connecticut
system will ultimately be entirely compatible with future NOS and NWS' technology.

Other programs developed by federal, state and local governments, often
in concert with private industry, provide valuable experience for evaluating
the feasibility of a Connecticut flood monitoring network and warning system.
The following programs which use real-time data are particularly relevant:

(1) ‘ ' idal m. This system of four automated water
level gages in New York Harbor is designed primarily as a navigation
aid, but is also used by the NWS to help prepare local forecasts for
LIS.

(2) Delaware Bay Navigation Project. Similar to, but more ambitious than

the New York Harbor system, this project mcorporates a numerical model
of tides and currents in Delaware Bay, and is capable of predicting tide
levels and currents up to 12 hours in advance.

- .
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(3) West Coast Wave Monitoring Network. A network of offshore wave buoys

and nearshore pressure gages along the west coast of the U.S. (and one
off the coast of North Carolina) provides data for evaluating longshore
sediment transport and coastal erosion. Data is also used by the NWS
to develop wave forecasts and provide real-time wave information in marine
weather bulletins. The system is operated by the Seripps Institute of
Oceanography (SIO), and it would be possible for Connecticut to link
up with this network for processing of LIS wave data.

The pfimary intended uses of data from a coastal monitoring network are:
) to 1mprove both the extent and txmehness of the data base used to prepare
coastal storm forecasts and warnings, and
2) to prov1de local communities with near real—tlme mformatxon on actual
storm surge and wave heights compared to forecasts.
Other potential uses were also‘identified, including:
(1) aid to navigation. Real-time tide and wave .data available during both
storm and non-storm periods could benefit pleasure boaters and commercial

shipping interests, particularly harbor pilots. Accurate  tide data is
also useful for dredging projects and hydrographic surveys.

(2) research. Storm surge and wave data are needed for r.esearch on coastal

processes within Long Island Sound, inecluding -circulation patterns needed
for understanding movement of pollutants.

3) msmLengmﬁ.enng Empirical data on storm surge and waves are also
- needed to improve the design and construction of coastal structures,
including protective structures such as groins, jetties, breakwaters,
and seawalls, and others such as marmas, docks, and residential and
commercial bulldmgs. ‘ -

L.3.6 _Costs and Benefit

COSTS: Development of a coastal flood monitoring network will be more costly
than a comparable ASERT/ALERT system operating within a river basin. Many
coastal network components are relatively more expensxve because they must
be capable of withstanding the harsh- coastal envu-onment. In addltlon, initial
installation costs will be greater than in a nverme settmg, "and maintenance
must be performed more frequently and at greater costs. Dependmg upon the
final de51gn selected, the coastal network may be able to utilize some existing



radio repeaters and base station components of the ASERT system and existing
recording tide gages, thereby holding down costs. Estimated initial costs
of a coastal monitoring network range from about $50,000 for a network that
measures only tides and storm surge and makes maximum use of existing instrumen-
tation, to over $400,000 for a network that also measures full wave characteristics

and employs all new instrumentation.

The State of Connecticut may be able to reduce significantly its costs
of installing end operating a coastal monitoring network by entering into
cooperative agreements with other agencies such as NWS, NOS, COE, and USGS
that have an interest in the information to be produced by the network. It
may also be possible to spread the costs among more than one State agency.
Depending upon the final design. of the network, the Bureau of Waterways of
the Department of Transportation (DOT) and the University of Connecticut (UCONN)
may derive significant benefits from the data, and could be approached for
sharing the costs of initial network installation and/or operation and main-
tenance. It may also be feasible to charge user fees for access to data by
private groups such as harbor pilots, dredging operations, researchers, design
engineers, etc, )

The costs of developing a suitable extratropical storm surge model for
LIS will be substantial. Modification of an existing model and model verification
can be accomplished for a cost of between $50,000 and $100,000. Development
of a large set of scenarios to predetermine areas to be innundated from a
particular storm may cost an additional $150,000 or more. Development of
a suitable numerical wave model may cost about $30,000. ’

BENEFITS. Because of the large number of potential users (Table 1.1), benefits
from a monitoring network and near real-time dissemination of data will be
substantial, though difficult to quantify.

(1) Coastal flood warnings can be enhanced, permitting reductions in property
losses and unnecessary evacuatmns.

(a) The availability of more precise and timely data from several locatlons
along the coast should enable the NWS to 1mprove the accuracy and
timeliness of forecasts and warnings

_ . _ . " . . .
. ) ] \ ) :
g ] b ¢ | ]
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‘ USERS
Coastal residents and
property owners

Municipal agencies

Office of Civil Preparédnes

DEP, Naturel Resources Center

DEP, Water. Resources Unit
DEP, Water Compliance Unit

DEP, Coastal Area Management

University of Connecticut and
educational institutions

National Weeather Service

F.ederal. Emergency Management Agenny

Corps of Engineers

National Ocean Service

Coast Guard

Harbor pilots and marine industries

Pleasure boaters and marina owners .

Coastal engineers

BBNEELTS.
Surge and wave height data for deslgn
purposes.

Actual conditions for storm surge

- and wave heights

Actusl conditions for storm surge
and wave heights

Data for inclusion in its natural
resources inventory

- 'Hydrologie studies of the coastal

reaches of river basins; revisions
to Flood Insurance Studies

Water quality studu;s of LIS, including-

_currents, movement of pollutants,

circulation patterns, ete.

Longshore sand transport,  coastal.
erosion, evaluation of coastal structures

Short- and long-term research studies
on coastal processes, ecirculation,
currents, ete.

Storm surge forecasts and ‘present
levels; wave height forecasts and’
current conditions; verification

“of forecast models

Revisions to Flood lnsurance Studies;
Hurricane Preparedness Studies

Hurricane Preparedness Studies;
dredging of federally meaintained
channels; port and harbor studles, '
other coastal studies ‘

Short- and long-term sea le\;el variation

Sea surface and weather eondmons, "
tide levels '

Accurate tide levels for movement

of vessels in and out of harbors
Timely information on wave conditions-
Storm surge and wave energy and

spectral data for design of coastal
struetures

TABLE 1.1: = User Benefits from a Real-Time Coastal Monitoring Network
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The availability of accurate, real-time data for specific coastal
locations should enable community officials to supplement regional
NWS forecasts and warnings with more precise local warnings.

The benefits of improved warnings can be increased still further
if the information on storm surge and wave heights is combined with
appropriate inundation maps.

(2) Navigation improvements:

(a)

(b)
(0

Commercial shippers can save money by loading vessels to capacity,
reducing waiting time for harbor entry or exit, and avoiding groundings.

Commercial fishermen can locate best fishing areas and avoid groundings.

Pleasure boater and marina operators can make more informed decisions
about safe boating conditions and channel depths.

(3) Research data:

(a)

(b)
(0]

Surge and wave data for improved engineering design of coastal strue-
tures. :

Improved understanding of sand movement and beach erosion.

Tide, surge and wave data for improved understanding of water quality,
including movement of oil spills and other pollutants.

1.4 CONCLUSIONS AND RECOMMENDATIONS

flooding is less than optimal, Although existing warning procedures appear

adequa'tei to avoid loss of life and serious injury, improved warnings which

provide more precise information on the timing, location, and extent of flooding

would allow further reductions in property losses and avoid some unnecessary

evacuations. There is room for improvement in most aspects of the total system

and at every level of govérnment, including:
(a) quantity and quality of date used in preparing forecasts

(b)
(@

timeliness of data availability

use of additional data in’ forecast models

B N N I N N aN IR BN B e e
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(d) - use of new and 1mproved models for forecastmg storm surge and wave
“heights

(e) methods of dlssemmatmg forecasts and warnings to local commun—-
- ities

(f) development of innundation m’aps'that can be used with flood warnings.

(f) methods of providing warnings and 1nstruct10ns to resxdents of coastal
floodplams

(a) Only limited improvements appear feasible to the existing NWS forecast
and warning system for hurricanes and tropical storms. Because .
hurricane warnings are already conservative (i.e. attempt to warn
of the most severe likely impact), the limited improvements will
probably have little effeet on reducing flood losses, especially
in' Connecticut where the coastal flood zone is relatively small.

(b) More s1gn1f1cant improvements in storm forecasts and flood warmngs
appear possible for extratropical storms (northeasters) :

(¢} The most significant improvements should result from supplementing
NWS regional forecasts with more precise information for particular
geographic areas.. ‘

3) MWMHWW
mm_nm_mmnga_sxmm_mmm_mn_tw Hlstoncally, 1ssuance'
of coastal storm forecasts and warnings have been the exclusive provmce of
the NWS, Technologlcal advances have now made it possible for other levels
of government and private concerns to prepare forecasts and 1ssue ‘'warnings,
although they must still rely upon the NWS for much of the essentlal data.
This ability makes it attractwe to seek ways of supplementmg or replacing
NWS procedures that do not take advantage of the latest technology or ‘do not
provnde the desired site speclflc mformatlon. Nevertheless, there are compelling
reasons to continue reliance upon the NWS as the prlmary prov1der of forecasts
and warnmgs. N '

(a) The NWS has a long hlStOl‘y of prov1d1ng reasonably accurate forecasts
and credible warnings. :
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(b) Current and planned improvements in the programs of NWS and other
federal agencies will make possible improvements in NWS forecast
capabilities.

(c) It would be very expensive for the State to deirelop and operate
its own coastal storm forecast system.

(d) Even if the State did develop its own forecasting system, the NWS
would still issue its own forecasts and warnings. :

(¢) There is need for consistency of information during emergencies.
Conflicting information coming from different sources during emergencies
has long been recognized as a ma]or cause of improper response or
lack of response by those located in areas at risk.

forecasts and warpnings. State activities should:

(a) enbance the capablhtnes of federal agencies to perform data collec-

tion, forecast and warning responsibilities; and

(b) supplement the federal agencies' regional forecasts and warnings
with more detailed information in specific geographic areas regarding
the extent and timing of anticipated flooding.

To avoid unnecessary expenditures, public confusion over differing messages,
and conflicts with federal agencies, the State should not:

(a) dupj.matg federal programs and responsibilities, or

(b) issue information that confliets with NWS warnings.

(a) Improved flood forecasts and warnings.
(b) Improved navigation.
() Improved data for design of coastal structures.

(a) Collection of wave data can be made compatible with ASERT, but requires
some compromises on the quality of wave data and/or the ASERT system,

() A separate wave data network could be established to supplement
the ASERT compatible tide/storm surge network.

mE W
,
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A tide/storm surge/wave network could be ‘established that would

"~ be completely independent of ASERT.

Important aspects of this network include:

(a)

(b)
(c)

(d)

Utilize the existing network of tide gages in LIS, including planned
improvements, to the extent possnble.

Add new tide, storm surge, and wave measurement stations where needed.

Make date from the State network avallable to local commumtles,
the NWS and other users.

Make decisions on which optional network (deseribed in 1.5 below)
should be implemented, based on budgetary and other considerations.

@ The Stat llilm'.l.lff"li' the proper. ¢ 1 '.I.

network.

(a)
(b)

' Use and maintenance of local receiving '(base)'sta‘tions.

Intreprefation of tide, storm surge, and wave data from the monitoring
network and how to use the data to supplement NWS forecasts and
warnings.

(a)
» (b)

(o)

. nmnm_mndels_mLLanJslnnd_S.Qund. Instead, it should:

Work with the NHC, FEMA, and the COE to ensure that the SLOSH model
for LIS is used most effectlvely. _

Encourage the NWS to develop a numerlcal storm surge model for extra-
tropical storms for LIS

Encourage the NWS to develop an 1mproved wave forecast model for
LIS, ,
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L5 BRECOMMENDED MONITORING NETWORKS
1l.5.1. Number and Location of Gages.

Empirical data suggest that storm surge along the coast can be adequately
monitored with five stations: "
(1) Stonington - New London reach: area of historical uncertainty.
(2) Waterford - East Haven reach: constaent slope in storm surge.
(3) New Haven area: local maximum in storm surge.
(4) Milford - Bridgeport reach: low point in storm surge.
(5) Stamford - Greenwich reach: area of highest surge.

‘Wave hindeasting techniques suggest that at least three wave stations

should be established: : .

(1) Madison - Old Lyme reach: subject to both easterly swells and local
winds. ‘

(2) New Haven area: mid-coast; subject to long fetch winds from both east
and west. ’ '

(3) Stamford - Greenwich area: mostly local winds; 'complex shoreline and
offshore bathmetry; subject to long easterly fetch.

L5.2._Optional Monitoring Netwark Designs

In addition to the number and location of gage stations, the optional
designs for a monitoring network reflect consideration of: type of water
level and wave sensors; compatibility with ASERT; utilization of existing
equipment, programs and procedures; uses of data in addition to storm warnings;
costs of establishing and maintaining the system,

ASER'jL_C_QMBATIBLE_NELW_QRK
Three principle options for an ASERT compatible network are available.

(A) Tide and Storm Surge Measurements Only: Use existing recording tide

gage stations at:
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(1) Stamford Harbor

(2) Bridgeport Harbor - '

(3) Mouth of Connecticut River (Old Saybrook)
(4) Thames River (New London)

Add a new station at:

(5) New Haven Harbor. ,

In addltlon, two "roving" gages should be temporarily (approximately
one year) installed at various locations along the coast to provide good corre-
lation with the permanent stations. These roving gages could be placed in
harbors and other éasily .accessible locations. _ ‘ '

(B) Mm_&munuaugmmmm Use existing recording tide

gage stations at:

(1) Bridgeport Harbor
(2) Mouth of Connecticut River (Old Saybrook)
(3) Thames River (New London)

New stations should be added at:

(4) Stamford Harbor Breakwater
(5) New Haven Harbor Breakwater

As with the previous option, two roving gages should also. be installed

‘at various locations along the coast. However, the roving gages should be

installed at .locations along the open coast to permit measurement of wave
characteristics, Because installation in open water loecations is more expensive
and wave characteristics are highly variable, these gages should remain in
each location at least two years or until a good set of wave data are obtained.

Because ASERT/ALERT accepts data on a random or event reporting basis,
in order to collect wave data and still have the network  be.compatible with
the ASERT system, wave data or system reliability must be compromised:

(1) Only average wave height and wave length are obtained instead of the
usual 51gn1f1cant wave height, significant wave period, and wave spectral
data. -

(2) Significant wave height, significant wave period, and wave spectral data
can be obtained, but only processed data can be sent to ASERT base stations,
and the raw wave data (useful for research and verification purposes)
may be lost.:

(3) Multiple transmissions of wave data are sent to the base station, increasing
the chance of that data getting through, but crowding the airways.



1-16

(C) Separate Storm Surge and Wave Networks To collect uncompromised wave

data and still utilize the ASERT microcomputer and software (some ASERT software
modifications will be needed for any of the alternatives considered), a separate
data transmission system is needed for wave data, Two options exist: a one-
way communications network (like ASERT), and a two-way ecommunications network
that would permit changing sampling frequehcy of wave sensors from the base
station. If the ASERT transmission system is not used, wave directional data
could also be included providing a proper wave gage is installed. Another
option would be to link the wave data transmission system to the Scripps Institute
of Oceanography (S10) computer via telephone lines for processing of wave
data by SIO.

DATA COLLECTION NETWORK INDEPENDENT OF ASERT If the State decides that ASERT
compatibility is less important than collecting the full i-ange of wave data,
a totally independent monitoring network with tWo-way communications could
be established that also utilizes a separate computer and specialized software
for processing wave data. |

COSIS Costs for the least expensive alternative (ASERT compatible, no wave
data) would be approximately $50,000 and range upward to more than $400,000
for the independent network. : '

DATA AVAILABILITY All data will be transmitted by VHF radio to existing base
stations at the Northeast River Forecast Center (NERFC) in Bloomfield and
the State DEP offices in Hartford. In addition, it is recommended that new
base stations be established at the Bridgeport WSO and Hartford WSO, and at
the two State warning points (OCP and CSP) in Hartford. Each local community
that desires to participate in the system would need ‘to purchase its own base
station. Arrangements should be made so that data can also be accessed by
modem and telephone lines by users who do not need a base station.

mE .
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In order to design a coastal flood monitoring network which will accurately

measure storm surge and wave action along the Connecticut shore, it is necessary

‘to understand how normal tidal fluctuations and storm induced flooding occur
in Long Island Sound. This section reviews available information on tides,
_ storm surge and waves in Long Island Sound and along the Connecticut coast.

2.1 TIDAL DATUMS

Storm surge, heights of struetures, soundings, and other coastal measurements
must have numerical values above or below some reference base. The logical
choice for the base is the ocean surface. But, since the ocean (and land)
surface moves up and down, it must be "fixed" in order to become a suitable

reference base. The result of mathematically fixing the ocean. surface in
terms of an observed tidal phenomenon is called a tidal datum. (1)

Many tidal datums are in use and are often confused by coastal residents
and others. The official tidal datums for the U.s. are established by the
NOS (2). The tidal datums and related terms most relevant to a flood monitoring
network are defined below and illustrated in Figure 2.1.

National Tidal Datum Epoch — The specific 19-year period adopted by the NOS
as the official time segment over which tide observations are taken and reduced
to obtain mean values for tidal datums. It is necessary for standardization
because of periodic and nonperiodic trends in sea level. The present National
Tidal Datum Epoeh is 1960 through 1978. '

Mean ‘Low' Water (MLW) —- The aﬁebage_ of all the low water heights observed
over the National Tidal Datum Epochl, :

Mean Lower Low Water (MLLW) — The average of the lower low water height of
each tidal day observed over the National Tidal Datum Epoch. Mean Lower Low

lFor stations with shorter series, simultaneous observational comparisons
are made with a control tide station in order to derive the equlvalent datum
of the Natwnal Tidal Datum Epoch. (2)
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MHW Mean High Water

MSL Mean Sea Level

NGVD National Geodetic Vertical Datum (1929)

MLW Mean Low Water

MLLW Mean Lower Low Water

FIGURE 2.1:

Relative Heights of Several Common Tidal Datums

(Semidiurnal Tide)
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Water is the tidal datum for soundings and depth contours on nautical charts2,

Mean High Water (MHW) — The ave lz:tge of all the high water heights observed
over the National Tidal Datum Epoc Mean High Water is the reference base
for structure heights, bridge clearances, etc. The shoreline on USGS quadrangle
maps is approximately MHW, :

National Geodetic Vertical Datum (NGVD) of 1929 —— A fixed reference adopted
as a standard geodetic datum for elevations determined by leveling. The datum
was derived for survey from a general adjustment of. the first-order leveling
nets of both the United States and Canada. In the adjustment, mean sea level
was held fixed as observed at 21 tide stations in the United States and §
in Canada. NGVD (formerly referred to .as Mean Sea Level, and shown as such
on older USGS quadrangle maps) is the standard datum of elevations throughout
the U.S. Because there are many variables affecting sea level, and because
the geodetic datum represents a best fit over a broad area, the relationship

- between the geodetic datum and local mean sea level is not consistent from

one location to another in either time or space. For this reason, NGVD should
not be confused with mean sea level. S :

All other elevations are referenced to NGVD, which has an elevation of
0.0. For example, a value- for MHW of 3.0 feet means that MHW is 3.0 feet
above NGVD. An increase in relative sea ‘level such that MHW increases 0.4
feet from one National Tidal Datum Epoch to another would mean that MHW had
risen 0.4 feet with respect to NGVD, and the adjusted value of MHW would be
3.4 feet. The elevation of flood levels on coastal flood maps are given as
elevation above NGVD.,

Mean Sea Level (MSL) — The arithmetic mean of hourly heights observed over
the National Tidal Datum Epoch. Shorter series are specmed in the name;
e.g., monthly mean sea level and yearly mean sea level,

2.2 TIDAL VARIATION IN LONG ISLAND SOUND

Tides in Long Island Sound are semidiurnal with two high tides and two
low tides occurring each tidal (lunar) day (5). A tidal day is the time of
rotation of the earth with respect to the moon, and its mean value is approximately

2 Nos recently changed the tidal datum for the Atlantic coast from mean low
water to mean lower low water, which is the datum in use on the Pacific and

. Gulf coasts. Although new nautical charts will have the chart datum lowered

from mean low water to mean lower low water, actual sounding figures, isobath
and other information will not be changed due to: a) offsetting: effects of
rising sea level with change from 1941-1959 detum to 1960-1978 datum; b) thickness
of lines on nautical charts and bathymetric maps; and c) roundoff procedures
and accuracies in datum determinations, hydrographic: surveying, and nautical .
charting. (3)
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equal to 24.84 houfs. (2) Hence, each high tide follows the previous high
tide by approximately 12 hours and 25 minutes.

Because of the Sound's size and shape, it amplifies the oceanic tide,
and the tidal range in the western Sound is larger than the tidal range in
the east. Ai: Greenwich, for example, the average tidal range is about 7.2
feet while at Stonington the range is only about 2.5 feet (6). High and low
tides also occur at different times throughout the Sound. High tide at Greenwich
occurs approximently two hours later than high tide at Stonington (7). Figure
2.2 shows the variation in normal tide ranges at selected points along the
Connecticut coast. '

Just as Long Island Sound affects the timing and amplitude of oceanic
tides, the bays and estuaries along the Connecticut coast also modify the
timing and amplitude of local tides within the Sound. Along most of the coast
these local effects are minor, but become significant in the upper tidal reaches
of the Connecticut and Thames rivers. (7) '

23 RELATIVE SEA LEVEL RISE

Relative sea level has been rising over the past 15,000 years as the

earth's climate has warmed, and as the earth has undergone tectonic activity.

From tide measurements, the NOS has developed trends in the relative rise
of yearly mean sea level for the period 1940 through 1980. The average for
the entire U.S. coast is 1.3 mm/year. For the northern east coast the rate
is considerably higher at 2.6 mm/year (see Figure 2.3). Figure 2.4 shows
the increase in yearly mean sea level for the two long-term gages on the north
shore of Long Island Sound. (1). These stations and other data for northern
Long Island Sound show relative sea level .to have increased about 20-25 em
- over the past 100 years (a rate of 2.0-2.5 mm/year). ®)

Recent research (102,103) has found that relative sea-level rise along
the U.S. northeast coast is due not only to global increases in sea level
(due to thermal expansion of the ocean surface and melting of glaciers in
response to heating of the earth's surface), but also to a large effect from

S .S I & B W .
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HEIGHT (FEET)

SOURCE:
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Hicks, Steacy D. 1983. Sea Level Variations

for the United States, 1B855-1980., National Ocean

Service, NOAA, U.S. Dept. of Commerce.

FIGURE 2.3:

Mean Sea Level Rise for Northern East Coast
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isostatic adjustment. As the North American glaciers melted over the past
10-15 thousand years, land previously covered by glaciers has adjusted to
removal of the weight of the glacial mass. Land which was formerly depressed
below the glaciers is now rebounding; so relative sea level has been falling.

“Along the edges of the glacial mass, which includes the Long Island Sound

region, land was elevated somewhat, and has been falling, so relative sea
level has been rising. Thus, Connecticut relative sea levels are a combination

of global processes and localized response to retreat of. the glacial mass.

‘This relative rise in sea level is expected to continue over the next
century, and. the rate of increase is anticipated to increase, but the future
rate of relative sea level rise is uncertain. Recent reports by the Environmental
Protection Agency (EPA) in 1984 (9) and ‘the National Academy of Sciences (NAS)

'in 1983 (10) examined ‘the effect of atmospheric concentrations of carbon dioxide

and trace gases (methane, chlorofluorocarbons, ete.) on relative sea level
rise, Increaéed concentrations of these gaSes.may act to trap the long-wave
radiation re-radiated from the earth's surface, resﬁlting in heating of the
atmosphere - commonly. known as the greenhouse effect, This heating of the
atmosphere in turn would warm the ocean's surface, éausing it to expand and
produce a relative sea-level rise, and perhaps melt the glaciers (this effect
is mueh more uncertain). - |

‘Although it cannot be asserted with any confidence: what . the effects on

. sea level will be, there are several estimates of these effects. The NAS antic-
_ ipates a rise in sea-level of 70 em (2.3 feet) would oceur over the next century,

given plausible models of atmosphei'ic warming. EPA provides several estimates
of global sea level rise to the year 2100 (Table 2.1). Under EPA's high seenario,

-sea level would rise 345 cm (11.3 feet) by 2100. Under their conservative

scenario, sea level would rise 56 em (1.9 feet) by 2100. EPA feels that a
global sea level rise between 144 em (4.8 feet) and 217 cm (7 feet) by the
year 2100 is most likely. By the year 2000, EPA'é'more likely estimates are

‘that sea level will rise between 8.8 cem (0.29 ft) and 13.2 em (0.43 ft).

EPA also estimates that along most of the Atlantic and Gulf coasts of the
U.S, the rise will be 18 to 24 em (0.6 to 0.8 feet) more than the global average.
The greatest changes will not occur until after the turn of the century.

"All projections are significantly higher than current trends in sea level
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Séenario

High

Mid-range high
Mid-range low
Low | |

Current Trends

SCENARIOS OF FUTURE SEA LEVEL RISE
(centimeters)

Year

2000 2025 2050 2075 2100
17.1 54.9  116.7 211.5 345.0
13.2 39.3 78.9  136.8 216.6
8.8 | 26.2. 52.6 91.2 144.4
4.8 13.0 23.8  38.0 56.2

2.0-3.0 4.5-6.8 7.0-10.5 9.5-14.3 12.0-18.0

SOURCE: BHoffman, John S., et. al. 1983, Projecting Future Sea
Level Rise: Methodology, Estimates to the Year 2100,
and Research Needs. U.S. Environmental Protection Agency.

TABLE 2.1: -

EPA Scenarios of Future Sea Level Rise

Il TN S I B B .
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rise.

2.4.1 Naves

WAVE CHARACTERISTICS. - Waves, creéted-by wind blowing over the surface of
the water, are the major factor in determining the geometry and composition
of beaches, and cause most of the damage in coastal areas, ineluding coastal
erosion and damage to structures.. Waves are usually defined by their height,

length, and period (Figure 2.5), which are determined by the fetch (the distance
the wind blows over the sea in generating the waves), the wind speed, the

length of time the wind blows, and the decay distance (the distance the wave

travels after léaving the generating area). Generally, the longer the fetch,
the stronger the wind; and the longer the wind blows, the larger the waves.

Wave action is extremely complex. The wind simultaneously generates

- waves of many heights, lengths, and periods as it blows over the water. 1In
- areas of shallow water, the water depth also affects the size of waves. Waves

are subject to refraction (bending), depending on the wavelength in relation
to water depth; diffraction (energy transfer along the crest of the wave);
and reflection (as they encounter natural and manmade barriers. As a wave
moves toward shore, it reaches a depth of water so shallow that the wave collapses
or breaks. This depth is equal to about 1.3 times the wave height.

Because of bottom friction and wave scattering, there is considerable
alongshore variability in wave behavior. This variability is obvious to anyone
who has observed waves breaking on the shore. The variability exists in both
space and time. The time-variability reflects the development of the storm,
including the wind speed, wind direction, and location of the storm ecenter
or front. The spatial variability reflects the dissipation and seattering
of waves as they travel towards shore. As an example, the sheltered areas
behind Fishers Island will experience distinctly different waves than the
shoreline not in the lee of thé island.
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Direction of Wave Trave!

p—a—————— L= Wovelenqth
Waove Crest = _~H =Wave Height

Wave Trough

p=——Crest Length——

Region Stillwoter Level

=—Trough Length
Region d = Depth

Oceon Botiom \\ .

SOURCE: U.8. Army Coastal Engineering Research Center. 1977. Shore Protection
Manual, Volume I. Corps of Engineers, Dept. of the Army.

FIGURE 2.5: Wave Characteristics
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For modeling and engineering design purboses, 'the "sighificant wdve height"
and "significant wave period" are often used, and may be considered to represent
the average height and period of the dominant waves. More cdmplex measurements
of the "energy spectra™ and "directional spectra” of waves take into account
the many different types and directions of waves that oceur at any particular
time. Because of their highly techmcal _nature, no further descrlptlon of
these quantatlve measures of wave characterlstlcs is prov1ded in thls report. (11)

WAVE MEASUREMENTS. There are no long-term measurements of wave character-
istics for Long Island Sound. No wave buoys or other instrurﬁents for measuring
wave characteristics have been permanently installed in the Sound. In its

1976 study (12) of the effects of coastal storms on the Connecticut coastline,

the Corps of Engineers (COE) found that no wave measurements or statistical
wave data were available for the area. Limited wave measurements for specific

~ locations and for short durations have been obtained as part of coastal research
‘studies performed at the University of Connectlcut (13) and the State UmverSIty

of New York at Stony Brook (14). As input to its LIS Marine Weather Bulletin,the

'NWS may receive reports from Coast Guard statlons and shxps concerning observed

wave heights (15).

The COE (12) has estimated that the maximum height of waves breaking

at exposed locations along the Connecticut shoreline with tides three feet

or more above mean high water ranges from about three to eight feet, with
the possibility of larger waves during very high tides. As part of the recent
update of Flood Insurance Studies, FEMA contractors found that for a storm
surge with a return frequeney of‘10_0Ay_ears, wave heights would range from
5.5 to 6.5 feet above the etillwater level at exposed locations. The maximum
wave crest was determmed to be 18 feet above NGVD at Greenwich. Predicted
wave helghts were about one foot hlgher in the western portions of the Sound
than in the east. (16)

STORM SURGE. Storm surge is defined as the difference between the observed
water level and that which would have been expected at the same place in the

‘absence of the storm. Surge height during a particular storm depends primarily
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on the following processes, although other factors also exert some influence: (6)

) A_tmgsnhgmmsnm_dﬂ_emms, The sea level surface is elevated

in response to the low pressures associated with storms. In the open ocean,
a pressure drop of 33.86 millibars (one inch) will lead theoretically to a
13 inch rise in sea surface elevation (7).

(2) ¥ind set-up. Wind stress on the water surface will cause water
levels to increase along the feteh. in a downwind direction. Wind stress,
and hence, wind setup are proportional to the square of the wind velocity.
Wind set-up is also enhanced by decreasing depth. (18)

(3) MWave set-up. Breaking waves create turbulance and actually move
water nearer shore, resulting in increased height of the water level surface
in this area. Wave set-up may account for as much as 3.3 to 6.4 feet of storm
surge height at a beach. (19)

(4) Rainfall, Intense rainfell can lead to an increase of water levels,
especially in estuaries.

(5) Storm motion effeets. The intensity of the sform, the speed of

storm movement, and the angle of the storm track at the shoreline can affect
storm surge (11,17).

(6) Shoreline configuration and basin bathymetry. In general, configurations
which favor an increase in the range of astronomical tide will also favor
an increase of storm surge heights (11).

TIDE AND STORM SURGE MEASUREMENTS. As described below, considerably more
data is available on tide and storm surge levels for LIS than for wave characer-

isties.

Staff Gages., Coast Guard stations and many marinas and port terminals
have installed tidal staff gages that can be read visually. The COE has installed
a tide staff gage in the ports of New London, New Haven, and Bridgeport, and
in Stamford Harbor at the Hurricane Barrier. Most of these gages are located
on a pier or dock in a protected portion of the harbor. Readings are not
usually taken at regular intervals, and records of readings are not generally
meintained. Often, temporary tide staff gages are installed for special projects,
such as dredging. (20,21,22,23,24,25) o :

HE I Il B B T .



Il AN I EE B Bl .

2-13

Mg_ﬁw Recording tide gages are presently in operatlon at
f1ve locations along the Connecticut Coast (Figure 2.6):

(1) Thames River estuary at New London. Owned and operated by the National
Ocean Service (NOS), '

@) Rmmm&&mﬂnamnﬁm_qn Owned and operated by the U.S. Geological
Survey (USGS) in cooperation with DEP.

(3) MQMLh_Qf_the_QanecIm.t_Rmﬁr_aI_Qld_ﬁayhm_Qk Owned and operated by
the USGS in cooperation with DEP,

4) Bm.dg.&p.QLt_H.aLmb Owned and operated by the NOS. The Bridgeport Weather
Servxce Office (WSO) also uses this gage.

(5) S_mmf_Qm_HanmL Owned by the U.S. Army Corps of Engineers (COE) and
operated by the USGS.

National Ocean Service. The NOS owns and operates the tide gages at
New London and Bridgeport (NOS has an additional recording gage in Long Island

Sound at Willets Point on the north shore of Long Island (7)). These stations

are part of the NOS network of stations known as NWLON (National Water Level
Observation Network), which includes 225 permanent gage stations. The New
London station is located at State Pier No. 1 in the Thames River (Figure
2.6 (1)). It has been in operation since 1938. The Bridgeport gage is located
at Hitchcock Marina in Bridgeport Harbor (Figure 2.6 (4)). It was originally
installed in 1932, but data is not available for the entire period. (7,26,27,28,29)

Figure 2.7 illustrates a typical NOS Station installation. Each station
includes & primary recording gage and a reference staff gage. The reference
staff is connected by precise leveling to. nearby bench marks. Generally,

. the station also includes a backup recording gage.

The primary gage is an electro-mechanical Analog—to—Di‘gitél Recorder
(ADR) (typically a Fisher & Porter or Leupold & Stevens type) which measures
water level by means of a float and wire attached to a spring-loaded drive
(Figure 2.8). As the water rises and falls, the drum rotates and turns a
shaft. A mechanical bin‘ assembly, driven by a timer, converts the analog
signal to a digital reading by punching the elevation into a time sequenced
paper tape (Figure 2.9). Water levels are recorded every six minutes. To
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ADR Cage
(6 min. sampling iuterval)

Oﬁ.ervqr
(gage~staff observations daily)
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- leveled semiannually)

[Zwater Line . ‘:;':_ih
a//

/ L N\—ride staft

Orifice
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>

SOURCE: Deibel, Lawrence E., and Barbara A. Zumwalt. 1985. Next Generation
Water Level Measurement System Program. By the Mitre Corporation
for National Ocean Service, NOAA, Dept. of Commerce.

'FIGURE 2.7: Typical NOS Tide Station Installation
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FIGURE 2.8: Typical Analog-to-Digital Recorder
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U.S. Dept. of Commerce.

FIGURE 2.9: Recording Tape Showing Time Divisions
and Binary-Coded Digital Punch Out
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reduce wave effects-on the reading, the float and wire are mounted in a vertical
pipe with a small orifice at the bottom, referred to as a stilling well.
Water level heights are recorded with a resolution of 0.001 foot, and an accuracy

of about 0.01 foot.

An analoig recording pressure gage (bubbler gage) is often used to provide
backup data (Figure 2.10). ' These gages rely on changes in water pressure
to indirectly measure the rise and fall of 'water level, Nitrogen is bubbled
through an underwater tube, and the p_ressui‘e»- encountered activates a bellows
which in turn moves a pen across a sheet of recording papér mbunted on a rotating
drum (Figure 2.11). Accuracy ranges from +/- 0.1 foot in low range areas
to +/- 0.5 foot in high range areas.

Five times’ per week, local NOS tide observers check the tide stations
and compare the gage readings with visual water readings on the reference
staff. The observer enters the staff reading into a special log form, and

also marks the correct time directly on the recording charts. The punched

paper tapes, analog recordings, and comparative staff readings are mailed
to NOS headquarters at the end of each month by the tide observer. Data are
anelyzed and recorded by NOS and permanently retained. Anyone may request
(purchase) tidal records for these stations from NOS. Data are generally
not available until at least three months after it has been transmitfed to
NOS headquarters. NOS annually publishes a set of tide tables (7) for these
and other NOS statlons that prov1de predicted high and low tldes for the entire

" year, NOS also prepares hourly tide level predictions for the two permanent

stations, which can be obtained for any month of the year. ('27,30',-31)‘

National Weether Service.’ The NWS does not operate any tide gages of
its own in Connecticut. It does, however, obtain data from the NOS gage at"
Bridgeport. The NWS has installed' a connection (Bristol Metameter)- to the
NOS ADR gage whieh transmits tide levels automatical_ly to th_e Bridgeport WSO
by telephone, where they are recorded'»ori a continu’o_ue strip chart. The strip
charts are retained only a few months by the Bridgeport WSO, but daily high

‘and low tides and hourly tide levels are manually transferred from the strip

chart to printed forms, which are retained for several years. (32,33,34)
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FIGURE 2.10: Typical Bubbler Gage Installation

SOURCE: Bridgeport Weather Service Office, Stratford, CT.

FIGURE 2.11: Typical Tide Record from Analog Recorder
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Corps of Engineers/U.S. Geological Survey. Recording tide gages are
also located in Stamford Harbor. These gages are owned by the COE for use
in eo'njunction with operati()t'l, of the Stamford Hurricane Barrier. The gages.
are maintained by the USGS as part of a cooperative agreement. One gage is
located outside the hurricane barrier and another inside the barrier to record
differences in tide levels when the barrier is closed. Both are pressure

‘gages of the bubbler type, similar to the backup gages used by NOS. USGS

records the data at 15 minute intervals on punched paper tape. The tape is’
collected by USGS personnel approximately every six ‘weeks and processed for
inclusion in annual reports of water records in Connecticut. Unpublished
data are available at the USGS office in Hartford. Records are available
since October 1972. The COE records tide levels on a continuous strip chart
within the station house. Charts are stored at the Stamford office for three.
years. The Stamford gage is equipped with a Stevens Telemark unit which transmits
a coded tide level reading by telephone. The telephone number is unlisted,
and is used primarily by the USGS and the COE. NOS provides the COE with

- predictions of hourly tide levels at Stamford Harbor. (25,35,36,37,38,39)

The COE used to operate tide gages‘_ at Block Island and the Bridgewater
Lighthouse at Old Saybrook in an attempt to correlate tides and storm surge
at those locatioﬁs with tides and storm surge at Stamford, ‘and to proilide
increased warning time for operation of the hurricane barrier. These gages
operated from approximately 1972 - 1977. Tide levels were recorded at three
hour intervals and did not record high and .low tides. The COE found poor
correlation with the tide levelé at Stamford, and because the gages offered

no prediction capability, they were removed. The data have not been retained.

(39,40)

‘ U.S. Geological Survey/State of Connecticut. Under its cooperative agreement

“with the State of Connecticut to collect streamflow ,"recqrds, the USGS owns

and operates two water level gages in tidal locations: at the mouth of the
Poquonock River in Groton (Figure 2.6' @), and in Old Saybrook at the mouth
of the Connecticut River (Figure 2.6 (3)). Both gages are of t_he' bubbler
type and can record a 35 foot tidal range. In Old Saybrook, the gage is mounted
off the Saybrock Breakwater, and a digital recorder (punched paper tape) is
located in the Coast Guard's outer lighthouse. In Groton, the gage is mounted
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off a pier, and both a digital and analog recorder are located in a former
Coast Guard building now owned by the University of Connecticut. Neither
of these two gages is equipped with a Telemark unit for remote transmission
of data. (36,37,38) '

Records for the Poquonock River gage are available since January 1973,
and for the COnnecticut River gage since October 1979 (data available from
June 1976 to February 1978 at a  different location 0.6 riiiles north). The
USGS collects, maintains and publishes data from these two stations in the
same manner it does for the gage at Stamford Harbor. (35,36)

NOS Subordinate Stations. The long-term records of -the NOS stations
at New London, Bridgeport and Willets Point serve as reference marks for other
locations. At 38 "subordinate" locations along the Connecticut coast (and
7 on the north shore of Long Island), NOS installed temporary tide gages &and
made simultaneous tide observations at the temporary station and either the
New London or Bridgeport permanent station (Table 2.2). The approximate time
and height of tides at each of these locations can be determined by using
the relationships developed by NOS., Included in the NOS annual tide tables
is a tide table that provides the time and height relationship of each subordinate
stations to a primary station. (4,7,30,41) '

2.5 COASTAL FLOODING IN CONNECTICUT

Flooding of coastal areas in Connecticut may result from both coastal
and inland storms. Storms that deposit excessive rainfall over upland watersheds
may cause rivers and streams to overflow in lowlying coastal areas. This
type of flooding may be particularly serious when the peak flood runoff coincides
with high tide or storm surge that slows the discharge of floodwaters into
Long Island Sound, cau'sing additional backup and overflow of floodwaters.
Lowlying areas right along the coast may be flooded direetly by storm surge
and wave action, ‘ ‘
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POSITION DIFFERENCES RANGES
Time . Height . Hean
KO, PLACE Lat, Long. - . Mean Spring| Tide
High Low High Low Ltevel
water water water water
. . h., =, h, =, Tt ft ft ft ft
. | v . } .
 CONRECTICUT, Long .Is)and Sound on NEW LONDON
1187 Stonington, Fishers Jsland Sound.,.cee.e 41 20 7)1 S& ~0 32 -0 4 +0.1 0.0 2.1 3.2 1.3
1189 { Noank, Mystic River entrance.... 41 19 ) 59 -0 22" -0 08 -0.3 0.0 2.3 2.7 1.2
119} West Harbor, Fishers lsland, N, .o 4] 16 12 0¢ 0 00 -0 06 -0.1 0.0 2.5 3.0 1.2
1192 Silver Eel Pond, Fishers Istand, k. 41 15 72 02 ~0 16 -0 04 -0.3 0.0 | 2.3 2.7 1.1
Thames River . : :
1193 NEW LONDON, State Pier.. .o 4] 22 12 06 Dai1y predictions ol 2.6 0 1.3
1195 Smith Cove entrance. .o 4] 24 72 06 0 00 10 -0.1 0.0 2.5 3.0 1.2
1197 Norwichiueeovonos . 41 31 12 05 +0 13 00 25 +0.4 © D.O 3,0 36 1.5
1199 Millistone POINt.coeunensnccnssoconcnanna 41 18 72 10 +0 D8 +0 01 +0.1 0.0 2.7 3.2 1.3
Connecticut River )
1200 Saybrook Jetty....ecivnriivnncsoonna 41 16 12 21 +1 11 40 48 +0.9 0.0 3.5 4.2 1.7
1201 Saybrook POINtecceesasscrnaen 41 17 12 21 +]1 11 40 52 +0.6 0.0 3.2 3.8 1.6
1202 Lyme, highway bridge........ 41 19 22 +1 25 +1 10 +0.5 0.0 "3.1 3.7 1.5
1203 ESSeXeuseccencavonsonsssvsvasasvanes 41 21 72 23 +1 39 +1 38 +0.4 0.0 3.0 3.6 1.5
Connecticut River . : .
1204 Hadiyme (7)uiceaccenscovsnaccnsancnes a1 25 72 26 +2 19 42 23 +0.1 0.0 2.7 3.2 1.3
1205 East Maddam..cesecerornosoana 41 27 72 28 +2 42 +2 53 +0.3 0.0 2.9 3.5 1.4
1206 Haddam (7)eceeeneacenrnnnaes 4] 29 72 30 42 48 +3 08 -0.1 0.0 2.5 3.0 1.2
1207 Higganum Creek.. 41 30 72 33 +2 5% +3 2% 0.0 0.0 2.6 3.1 1.3
1209 Portiand <7>.. 41 34 72 38 +3 81 44 28 -0.4 0.0 2.2 2.6 1.1
1211 Rocky #H1YY <7> 41 39 72 38 +4 44 +5 44 -0.6 0.0 2.0 2.4 1.0
1213 Hartford <7>.ccocececnscosce 41 46 72 40 +5 30  +6 52 -0.? 0.0 1.9 2.3 1.0
on BRIDGEPORT,
1214 | Westbrook, Duck lsland Roads...veccvenen 41 16 72 28 -0 24 -0 32 2.7 0.0 4.1 4.7 2.0
1215 | Duck Is)1and.cecvccccnccrvonocnse 41 18 72 29 -0 26 -0 3% -2.3 0.0 | 4.8 5.2 2.2
1217 | MadisoN,cceeccvonncanes vesene 41 16 72 36 -0 21 -0 30 -1.9 0.0 4.9 5.6 2.4
1219 | Falkner lslendecceonass ceosen 4) 13 712 39 -0 14 -0 2% ~1.4 0.0 5.4 6.2 2.7
1220 Sachem Head..cosecevocncncacense 41 15 72 42 -0 1 -0 1% 1.4 0.0 .4 6.2 2.7
1221 | Money Islendeieceses 41 15 72 45 -012 -0 23 -1.2 0.0 5.6 6.4 2.8
1223 | Branford HarboOr..ecevsvrereranas 41 16 72 49 -0 08 -018 -0.9 0.0 5.9 6,8 2.9
1228 Rew Haven Harbor entrance....... 41 14 12 55 -0 09 -0 14 -0.6 0.0 6.2 7.1 3.1
1227 | New Haven (city dock)ecvcesecens 41 18 72 55 +0 01 -0 01 -0.8 0,0 6.0 6.9 3.0
1229 | M11ford HarbOf..cecensoens 41 13 73 03 ~-008 -010 -0.2 0.0 6.6 7.6 3.3
1231 Stratford, Housatonic Rive 43 11 73 07 +0 26 +}1 01 1.3 0.0 5.% 6.3 2.7
1233 | Shelton, Housatonic River.. 41 19 73 05 +1 35 42 44 -1.8 0.0 5.0 5.8 2.5
1235 | BRIDGEPORT, . ccececonccsunsananse 4110 13 1 n:i\; predictions 6.8 7.7 3.4
1237 | Black Rock Harbor entrance...... 41 09 73 13 -0 04 0 03 +0.1 0.0 6.9 1.9 3.4
1239 | Saugatuck River entrance,,.c,eeq 4} 06 73 22 -0 D2 +o 01 +0.2 0.0 7.0 8.0 3.5
1241 | South Norwalkescececcscnanscsses 41 06 73 2% 0 09 +0 15 - +40.3 [H) 7.1 8,2 3.5
1243 Greens Ledge..ecoen. 41 03 73 27 -0 02 -0 01 +0.4 0.0 7.2 B.3 3.6
1245 | Stamford.ecceenees 41 02 73 33 «0 03 +0 08 +0.4 0.0 7.2 B.3 3.6
1247 | Cos Cob MWarbor,... 41 01 73 36 +0 05 40 11 +0.4 0.0 7.2 8.3 3.6
1249 | Greenwichiciecsescasascsssvoncsonvoscoas 41 01 713 37 +0 01 +0 01 +0.6 . 0.0 7.4 8.5 3.7
1251 | Great Captadn Island..eccceecccveenveser. | 40 59 73 37 000 4001 +0.5 0.0 7.3 8.4 3.6
NEW YORK on WILLETS POINT,
Long Istand Sound, North Stide . .
1253 | Port Chester, 41 00 73 4D -0 03 .0 14 ' +0.1 0.0 7.2 B.5 3.6
1254 | Rye Beoch,.. 40 58 73 40 -0 22 03 +0.1 0.0 7.2 8.4] 3.6
1255 | Mamaroneck... 40 56 73 A4 -0 02 -0 13 40,2 0.0 7.3 8.6 3.6
1257 | New Rochelle... vee eevesencess | 40 54 73 &7 -018 019 0.1 0.0 7.2 8.6 3.6
1259 | Davids 1$1ande..ccceccvercorrvrvncnanmanne 40 53 73 46 +0 04 -0 09 +0.1 0.0 7.2 8.5 3.6
1261 | City I51and..ccncecncosacosnoncsacsovesa | 40 51 73 47 40 03 -0 05 +0.1 0.0 7.2 8.5 3.6
1263 | Throgs Metk..cceveecoseocsnnerencaseneea | 40 48 73 48 +0 OB +0 12 -0.1 0.0 7.0 8.2 3,8

SOURCE: National Ocean Service. 1984. Tide Tables: 1985 High and Low

Water Predictions, East Coast of North and South America, Including
Greenland. NOAA, U.S. Dept. of Commerce.

TABLE 2.2: National Ocean Survey Subordinate Tide Gage Locations

in Long Island Sound, Show1ng Tidal leferences and
Other Constants
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The term tropical cyclone applies to atmospheric systems which develop
in the tropical and subtropical zones and have a counterclockwise rotation
of winds (in the northern hemisphere), with the lowest barometric pressure
located at the center of the vortex. To develop, they require surface water
temperatures above about 26 C (79 F), and are maintained by energy from.conden-
sation:of water vapor drawn from the warm ocean surface. Consequently, most

tropical cyclones occur in August, September and October (the official tropical -

cyclone season is from June 1 through November 30). They dissipate quickly
as they pass over land masses or cold water and are deprived of the warm,
moist air that supplies energy. '

Tropical cyclones range in diameter from 50 to more than 500 miles.
Several categories of tropical cyclones are recognized according to their
intensity and degree of organization:

(1) tropical disturbance (little or no rotary clrculatlon at the surface
and no strong winds);

() tropical depression (winds equal to or less than 38 mph);

(3) tropical storm (winds of 39 mph or more); and

(4) hurricane {(winds of 75 mph or more).

Tropical storms and hurricanes are of major concern as causes of severe
coastal flooding." Hurricanes are further divided into five categories (Saffir/
Simpson Hurricane Scale) according to their central pressure and maximum sustained
winds (Table 2.3). '

In hurricanes, atmospheric pressure and wind speed increase rapidly with .

distance outward from the center, or eye, of the storm (not necessarily the
geometric center) to a zone of maximum wind speed which may be anywhere from
4 to 60 nautical miles from the center. From the zone of maximum wind to
the edge of the hurricane, pressure continues to increase, but wind speed
decreases. The atmospheric pressure within the eye (eentral pressure index)
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CATEGORY CENTRAL PRESSURE WINDS

(Inches Mercury) (mph)

1 >28.94  74-95

2 . 28,50-28.93 | 96-110

3 27.89-28,49 111-130

4 27.18-27.88 © 131-155
. .

<27.17 " 2155
TABLE 2.3: SAFFIRE/SIMPSON HURRICANE SCALE

is the best single index for estimating the surge potential’ of & - hurricane.
Hurricanes may also be characterized by the radius of maximum winds, which
is an index of the size of the storm, and the speed of forward motion of the
storm, ‘

" The path of an individual storm is determined‘by its point of origin,

. and by the relative position and strength of low. and high pressure centers

located in the westerly wind belt and over the Atlantic Ocean. "From 1886-1985
nine hurricanes (including ‘Hurricane -Gloria in September'1985) have passed
over or near Long Island Sound (50 mile radius of the center of Long Island).
The tracks of six selected hurricanes are- shown in Figure 2.12. During this
same period, 15 tropical storms have hit the area. The ti‘aeks of all hurricanes
and trop,ic‘al 'storms are shown in Figure 2.13. Prediction of the path whieh
a pa.rticular'hurricane or tropical stormf"will take is very imprecise. (11,42;43),

‘Utilizing statistical data on the motion of tropicéi ,‘st‘o;rms in f_he Atlantie
area, Neumann and Pryslak (44) ecalculated the expected numbbelf of tropical
storms and hurricanes per 100-year period impacting locations aleng the U.S. coast-
line. Figure 2.14 shows the grids that encompass the Connecticut coastline.
The data in Figure 2.14 show that tropical storm occurrehce in Grid 518, which
includes - the eastern portion ‘.of Long Island-‘-Sound, is greater than in Grid
517, which includes the western part of the Sound. Based on actual tropical
storm occurrence and -movement data, 'the expected number of tropical storms
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FIGURE 2.12: Tracks of Seven Selected Hurricanes Crossing
or Approaching Long Island Sound
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~ Storm  Starting Storm  Starting :
Track # Date  Name - Track # Date  Name
1 6/18/1866 © — 12 9101938 —
! 2 8141888  — 13 9/9/1944 —
3 9/6/1888 — 14 10/112/1944 —
4 10/811888  — 15 8/25/1954  Carol
5 8/15/1893 — 16 8/7/11955  Diane
6 10/1/1894 —_ A7 712811960 Brenda
7 " 9/20/1897 — 18 "8/29/1960 Donna
8 10/8/1900 —_ 19 9/12/1961 —_
g . 91811904 — 20 8/20M11971  Doria
. 10 6/411934 21 6/14N972 Agnes
{ . a{y 12 1 " 9/5/1934 — 22 8/6/1976  Belle
bd 44J7 23 9/21/86 Gloria
35 _ —1 '
80 75 70 65 60

SOURCE: Adapted from Long Island Regional Flanning Board. 1984. Hurricane
Damage Mitigation Plan for the South Shore of Nassau and Suffolk
Counties, New York. Long Island Regional Planning Board,

Hauppauge, NY.

FIGURE 2.13: -Tropical Storms and Hurricanes Passing
’ Near Long Island Sound -
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entering Grid 518 per 100 years is 31; 16 of these storms wbuld be hurricanes.
In Grid 517, 19 tropical storms per 100 years would be expected, of which
seven would be hurricanes. The probability that at least one trépical storm
will impaet the Connecticut coasfline over the next 10 years ranges from 0.85
to 0.96. The probabilities that at least one hurricane will impact this area
o{rer the next 10 years are slightly less, ranging from 0.50 to 0.80. (45)

‘Since hurricane winds move in a counterclockwise  spiral, the winds in
the right quadrénts of this spiral are more or less parallel with, and reinforced
by, the translational (forward) movement of the storm. . This reinforcement
can be of considerable magmtude, as hurricanes have travelled at forward
speeds of over 50 knots. The winds to the left of the storm track are weaker
than those to the right, because the winds bldw"in directions opposite to
the translational movement of the storm, Con'sequentiy, winds and storm surge
are 'r_xormally at a maximum in the northeast *quadrant of ,hurricanes. (11,42,43)

South-facing coasts, like Connecficut‘s, that are aligned perpendicuiar
to most storm tracks, receive the full impact of the reinforced winds and
wave set-up. However, Long Islanc_l Sound and Connecticut are somewhat protected

by Long Island, which blocks oceén—generated waves from reaching most of the

Connecticut coast, and which may cause a hurricane to weaken as it passes
over the colder land mass. In general fast movmg hurricanes have peak storm
surges that are higher than slower moving storms. However, slower moving "

storms can cause a higher surge in estuarine areas, such as Long Island Sound,

because there is more time for water to flow into the Sound. (11,45)

Figures B.1 and B.2 (Apperldix", B) display data on actual storm surge levels
recorded during the 1938 and 1954 hurricanes, along with projected storm 's'urge

profiles for 100, 50 and 10-year frequencies (6,46). The 100-year flood profile

shows the highest flood level in western Connecticut (12.2 feet NGVD), lowering
to 10 feet by Stratford. From Stratford east the level rises to about 10.7
feet at East ﬂaven, followed by a gradual decrease to about 10.0 feet at Waterford,
At New London the level is 10.0 feet NGVD. To the east of New London thé
flood level increases from about 10.0 feet to 10.8 feet at Stonington.

Storm surge is seen to. increase dramatlcally within the Thames River

Estu_ary. According to the COE 1980,(12) study, storm surge increased from
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9.5 feet to 14.3 feet NGVD at the 100-year level as the distance from the
mouth of the Thames increased. The 1938 hurricane surge ranged from 9.8 feet
at New London up to 15.2 feet in Norwich. Figure 2.15 shows tidal surges
compared'to the predicted normal tide levels at Stamford Harbor for the 1938,
1944 and 1954 hurricanes. (47) ; h ’

Extrétropical storms are weather systems that develop in mid-latitudes
in the fall, winter and spring (most commonly November through April), in
respo‘nse to the interaction of warm and cool air masses along a weather front.
They occur much more frequently than tropiéal cyclones, and may be more than
1000 miles in diameter -- twp' or three times the size of a tropical cyclone.
Extratropical storms also form a counterclockwise spiral directed toward a
center of low barometric pressure, but the maximum winds are of lower velocity
than tropical cyclone winds. Some gusts of hurricane veloeity may occur with
extratropical storms.

Extrat‘ropical' storms that occur aldng the northern part of the east coast
of the U.S. accompanied by strong winds blowing from the northeast quadrant
are called. northeasters.  Northeasters -may stall off the southeast coast
of New Ehgland and 'produce high tides that persist for several days. An example
of this is the storm _of October 1955 when high tides continued from 14-16
October, (11,45,48) '

A study of northeasters affecting the Atlantic coastal margin of the
United States during the‘period 1921-1962 (48) found that during the 42 year
period of record, 34 extrétropiéal storm events occurred that resulted in
water-related damage, i.e., damage due to wave action and tidal flooding.
The recurrence interval of such storm events is 1.24 yearé. Stated in another
way, a storm of this nature has an 81% chance of occurrence in a given year,
based on the observed data. (45) . S s

Wind directions from extratropical storms at a particplaf area depend
on the relative position of the storm track. When a storm center passes to
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the weét of Connecticut, winds blow initially from the east or southeast.
As storm movement progresses, the winds shift to south and then west. This
type of storm results in onshore winds, leading to increased wave height and
wind set up. If, on the other hand, the storm center passes to the e;ist of
Connecticut, the initial winds will blow from the northeast. Later the winds
will veer to the north and northwest. This type of storm produces offshore
winds and a smaller storm surge due to reduced effects of waves and wind set
up. (45)

The effect of northeasters on shoreline areas often depends on their
speed of forward movement. If the storm progresses rapidly, variable wind
directions over a given fetch length prevent the buildup of large storm waves.
However, if storm prbgreés is delayed by ridges of high pressure, winds from
a particular direction have time enough to act on a given wave group, to produce
waves of maximum height for a specific wind velocity and feteh. Prolonged
wave action during successive high tides can lead .to erosion and damage to
shoreline development. (45)

Coastal areas (as well as riverine floodplams) subjeet to flooding have
been identified on Flood Insurance Rate Maps (FIRMs) prepared by FEMA and
its contractors. These FIRMs delineate arees with a one percent or greater
chance of beinvg flooded each year (commonly referred to as the one-percent
flood, 100-year flood and base flood). The 1938 hurricane produced flooding
approxxmately equal to the one—percent flood over much of the Connectlcut
coastline (see Figure B.1).

Coastal floodplains subject to damaging wave action (waves three feet
or higher) are designated on FIRMs as V-zone's3,' Areas subject to flooding
from storm su_rge, but with no wave action or waves less than three feet, are

3A three-foot high. wave was selected for determination of the V-zon.e based
on data compiled by the COE, which indicated that a three-foot wave was capable
of causing structural damage. (51)
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designated as A-zones. (49,50,51) Figure 2.16 shows a portion of the coastal
floodplain in the Town of Milford as delineated on. a recently adopted FIRM.

FIRMs provide a good basis forAdesignavting ‘areas subject to floodplain
regulations -and flood-l;elated building code requirements. However, because
the different-fldod zones delineated on FIRMs have not been correlated with
particular storm cheracteristiecs, these maps cannot be used to acurately estimate
which areas will be flooded during a developing hurricane or other storm.
Nevertheless, they 'provide the only informatio_n presently gvailable on w-hich

to base evacuation notices in coastal areas.

Five hurricanes. (incfuding Gloria in 1985) and several northeasters have
caused damaging coastal flooding .in this century. The hurricanes of 1938,
1944 and 1954 caused ‘the most damage. Unfortunately, very limited information
is available on the dollar amount of damages caused by these.and other storms,
particularly the smaller ‘stoﬁns. In 1976 the COE estimated that, in 1975
dollars, a recurrence of the 1938 hurricane would cost $111,500,000 in losses

from tidal 'flooding, and a recurrence of the 1954 hurricane would cause losses

- of $72,000,000. (12) No updated estimate has been made since that time..

However, it is likely that due to increased development along the coast, the

“losses in 1985 would be more than double the amount estimated in 1976. As .

an indication of the amount of property at risk, Table 2.4 lists the number

of structures located in V-Zones for each of the coastal towns. (52)
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Residential Commercial/Industrial _ Total
.Greenwich 207 1 208
Stamford 10 0 10
Darien 125 1 126
Norwalk _ 145 2 147
Westport 275 0 275
Pairfield 98 2 100
Bridgeport 24 3 27
Stratford N ' 229 16 245
Milford . 615 8 623
West Haven . - 240 "6 246
New Haven ' 50 1l ‘51
East Haven _ 349 4 353"
Branford v 388 3 391
Guilford : 174 0 174
Madison 270 5 275
Clinton ' 95 0 95 -
Westbrook 126 0 126
014 Saybrook =~ 234 1 235
014 Lyme , 131 1 132
East Lyme : 4 1 5
Waterford 12 0 12
New London ' 35 13 48
Groton . » : 16 6 22
Stonington 15 0 15
74 3,937

TOTAL 3,867

SOURCE: Rummel, Cynthia J., and G.J. Budak. 1984-1985. Flood Vulnerability
Assessment (for 24 coastal Connecticut municipalities). Natural
Resources Center, Department of Environmental Protection,

Hartford, CT.

TABLE 2.4: Structures Located in V-Zones
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. The procedures used by federal, state and local governments to prepare
and disseminate coastal flood forecasts and warnings must be understood in
order to evaluate the feasibility of developing an improved flood warning

system.
Althbugh a coastal flood monitoring network and Wﬁrning‘system would

not be comparable in all respects to an automated riverine flood forecesting
and warning system, & coastal system would share many similarities. It was

" the develo_pment of an automated riverine flood warning system for Connecticut

that led State officials to consider the possibility of also establishing
a compatible coastal flood monitoring network and warning system. (53)

For years the NWS has maintained cooperative flood warning systems in
many communities throughout the U.S, These cooperative systems rely upon
a network of community volunteers to make regular observations of rainfall
and/or .river levels and to telephone their observations to the appropnate_
NWS dft_i_cé.‘ The NWS uses the data géthered by the volunteers, along with
its ov&vn"" data on soil moisture conditions and precipitation forecasts, to run
a hydrological model of the river basin and predict the time and level of
flooding. While very effective in some cbmmunities,_ these programs have inherent
limitét'ions. Most notably, observers are not always available to colleet
and report data on precipitation and river levels, partlcularly during the
mght and at remote locatlons.

In rvecognition; of these limitiations, in the late 1970's the NWS began
developing an automated flood warning system. The automated system was designed
to take advantage of technological advances that permit real-time collection
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and transmittal of meteorological and hydrological data from remote locations
to populated areas with people and property at risk.

The resulting system was called ALERT (Automated Local Evaluatibn in
Real Time). The ALERT system does not rely upon volunteer observers; it is
entirely autorhated. The major components of the ALERT system are: preéipi-
tation gages, river gages, radio transmitters, radio receivers, data encoders
and decoders, a microcomputer, and specially designed software to process
the data. Remote rain gages automatically collect data on amounts and rates
of rainfall -and transmit this information via VHF radio to a base station.
Similarily, stream gage stations transmit data on the rise in river levels.
Generally, data collection and transmittal from remote locations is battery
powered. Because the system is designed for "event reporting" (data transmitted
only when there is a predetermined amount of rainfall or change in stream
level), batteries can last'a year or more without recharging.

.When predetermined criticallprecipitation and/or stream level values
are reached, an alarm is triggered at the base stations and personnel are
placed on alert to monitor the situation closely. Using the rainfall and
river. rise information, combined with precipitation forecasts and a hydrologic
model of the.stream, NWS personnel are able to accurately forecast floods
and provide. downstream officials and residents with increased warning time.
Since the information is also received at a local base station, local officials
can, if necessary, initiate flood warnings without waiting for a forecast
from the NWS. . The increase in warning time afforded by the automated system
is often _stjfficient to permit emergency actions which can save lives and greatly
reduce property losses.

ALERT systems were initially used in the western US where sudden rainstorms
in the remote, upper  portions of watersheds can cause flash floods in lower
portions of the watershed where no rain may have fallen. ALERT systems have
now been successfully installed in more than two dozen locations throughout
the U.S., and many more are now under development. The original ALERT system
was developed by the NWS, but several private firms have now developed similar
systems. ALERT type .systems have found wide acceptance on large and remote
river basins in countries other than the U.S. (54,55,56,57,58,59,60,61,62)
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In 1982 Connecticut and NWS officials began exainining the pos_sibiiity
of a statewide automated flood warning system for small watersheds subject
to flash floods. An interagency Committee on Automated Flood Warning (CAFW)
was established to oversee development of the statewide system. Particularly

important to CAFW was the technical assistance provided by the NWS and technical
and financial assistance from the Soil Conservation Service (SCS).

A statewide system was designed in 1983 and called ASERT (Automated State
Evaluation in Real Time), ASERT is intended to be operated in cooperation
with -loeal communities, ‘and the combined system is sometimes referred to as

- ASERT/ALERT. The initial phase of the ASERT system is now being installed
and consists of 20 automated rain gages, 6 weather stations (including precipi-

tation gages), 6 radio signal repeaters, and 2 base stations. Each base station
includes a radio receiver, data decoder, microcomputer, ALERT software, ‘and
an uninterruptable _pdwer supply backup. The base stations are located at
the Northeast River Forecast Center (NERFC) in Bloomfield and the DEP offices
(Water Resources Unit) in Hartford.

Coxig:urrently with installation of the ASERT system,\community ALERT systems
are being installed on a pilot basis in the City of_'Norwich (Yantic River
basin) and the Town of Southington (Quinnipiac River basin). Each. ALERT
system includes an automated river gage and a base station. The City of Stamford
has also installed its own ALERT system (63). ‘

The initial ASERT/ALERT system should be operational in 1986, and the
State expects the system to be expanded into other river basins as local commun-
ities recognize the benefits of the program. CAFW has prepared a master plan
that projects an additional 85 precipitation gages, 24 repeaters, 40 river
gages, and 28 base stations will be added to the system over the next 10 years.
This system design may change as CAFW continues its work and experience with

‘the initial “installations is obtained. Important aspects of the ASERT system

that are still evolving include procedures for archiving data and providing

maintenance.



The CAFW master plan also includes a coastal component. The purpose
of this present study is to design the coastal monitoring network and evaluate
the feasibility of a coastal warning system as part of the ASERT/ALERT system.
Specifications for the ASERT components that may be used by the coastal network
are provided in Appendix A. (53,64,65,66,67)

Currently, all official weather forecasts (including storm surge and
wave heights) and coastal flood warnings for Connecticut and Long Island Sound
are provided by the NWS, The procedures used by NWS for preparing these forecasts
and warnings and then disseminating them to other units of government and
to the public are deseribed in the following sections.

Different NWS offices are involved with forecasts and warnings depending
upon the type of weather system and flood component involved.
Forecasts and warnings for coastal Connecticut can be complicated because
the Connecticut shoreliné forms the border between the areas served by the
Boston Weather Service Forecast Office (WSFO) and the New York WSFO. (32,68,69,75)

MARINE WEATHER FORECASTS AND WARNINGS The New York WSFO is responsible for
marine forecasts and warnings for LIS, to Watch Hill, Rhode Island and Montauk
Point on Long Islandl, The Bridgeport WSO prepares marine bulletins for Fairfield,
New Haven and Middlesex counties using the New York WSFO forecast supplemented
with information on local conditions. The Hartford WSO prepares similar bulletins
for New London County. Marine weather bulletins are routinely issued over

NOAA VHF-FM Weather Radio (162.400 MHz, Meriden; 162.475 MHz, Hartford; and -

162.55 MHz, New London and New York). These same weéther bulletins are transmitted

lThe Boston WSFO is responsible for forecasts and warnings for the New England
area, including all land areas of Connecticut. Wind forecasts by Boston WSFO
for Connecticut and by New York WSFO for LIS sometimes differ, requiring consul-
tation among the New York and Boston WSFOs and the Bridgeport and Hartford
WSOs. (32,68,75) -

S EE MR My BE N S B BN BN R B B .
& ! 0



over the NWS teletype to selected governinent agenéies and print and broadcast
media. In addition to- NWS teletjpe and NOAA Weather Radio, warnings of severe
weather conditions, including flood watches and warnings, are ‘issued'over
the National Warning System (NAWAS),

NWS offices at Bridgeport, and New York can be telephoned to receive
the 1atest marine forecast or warning. Every six hours, the Bridgeport WSO
prepares an updated tape of marine forecasts and warmngs, including a report
on local -weather conditions ‘at the Bridgeport WSO. If the Bridgeport WSO
observes local conditions significantly different from the marine forecast

issued by New York WSFQ, it contacts the New York WSFO, The Coast Guard stations

at New Haven and New London also broadcast NWS marine forecasts and warnings
over its radio frequencies, and maintain day and night visual warnings for
mariners at several locations along the Connecticut coast. (15,32,68,69,70,76)

WAVE HEIGHT FORECASTS Forecasts of wave heights are developed by the New

- York WSFO, which has forecast responsibility from Watch Hill, RI to Manasquan,

NJ, including Long Island Sound west of Watch Hill. These forecasts are made
routinely every six hours for use in the LIS marine forecast. The forecasts
of wind waves are prepared using information on present wind speed, wind duration,

- and feteh length, o'r‘fo.recast wind speed. According to information supplied

by the New York WSFO, it uses at least two sets of wind wave forecast charts,
both of which were developed for predicting waves in open seas?, In applying
these procedures to wave forecasts in LIS, the meteorologists make adjustments
based on their experience. Information on wind speed which is used in the
wave forecasts is obtained from meteorological instruments albng the Connecticut
shore. (Bridgeport New Haven airport, Groton airport), at several locations
on Long Island (La Guardia airport, Isllp airport, Farmingdale airport, Suffolk
airport, Plum' Island, and Montauk Point), and from reports of ships at sea.
The wave height forecasts are intended for mariners and reflect average wave
conditions in'open coastal waters. They are not mtended to indicate breaking
wave heights in coastal areas. (20, 32 69 74,145)

2See Sectlon 4,1.2 and Appendlx B for a discussion of wave forecastmg/ hmd-
casting models.-



EXIEA_T_RQBIQAL_ﬁIQBMﬁ Weather forecasts for extratropical storms ére prepared
by the New York WSFO for LIS and by the Boston WSFO for inland Connecticut,
Both _{he New York and Boston WSFOs use data and forecast guidance from the
NWS National Metéorological Center (NMC) in Silver Springs, Maryland. (15,71,72,75)

Using anvautomated statistical model, the NMC prepares storm surge forécasts
twice daily, projected for a 48-hour period. This information is provided
to the regional WSFO at New York City as guidance (Figure 3.1). The New York
WSFO may modify the forecast, if needed, based on observations of local conditions
and using a manual version of the statistical storm surge modeld, The New
York WSFQO receives reports of actual storm surge conditions from the Bridgeport
WSO (every 6 hours) and from four stations in New York Harbor (every 6 minutes),
which may be used in revising storm surge foreeasts. (15,71,73)

There is no established procedure for verifying the accuracy of storm
surge“or wave forecasts. There is no instrumentation to record actual wave
heights and no systematic observations of wave heights are made.(20,32)

HURRICANES The National Hurricane Center (NHC) in Coral Gables, Florida issues
all forecasts and storm warnings for hurricanes, including storm surge forecasts
generatéd by a numerical model called SLOSH (Sea, Lake and Overland Surges
from quricanes). A separate wave height forecast is not prepared for hurricanes
since the SLOSH4 model indirectly incorporates waves into its storm surge
prediction, NWS Regional WSFOs and local WSOs do not modify the NHC forecasts
and warnings, although they may supplement them with up-to-date reports on
local co_nditions, including wave heights, and provide additional warnings
for particular geographic areas. Local weather conditions are provided to
the NHC over a Hurricane Hotline by NWS offices in the affected areas, and
used by the NHC_;is‘developing its hurriéane forecast. (20,32,68,69,72)

3See Section 4.1.1 and Appendix B for a discussion of the NWS storm surge
models for extratropical storms.

4See Section 4, 1 and Appendlx B for more complete descriptions of the SLOSH
model.
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FIGURE 3.1:

Sample Storm Surge Forecast Guldance.‘ Teletype Message
to Weather Service Forecast Offices :
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Hurricane forecasts are updated by the NHC every six hours. Forecast
preparation is initiated at 2 am, 8 am, 2 pm, and 8 pm EDT. When Hurricane
Watches or Warnings® are not in effect, Publie Advisories based on these forecasts
are issued at 6 am, Noon, 6 pm, and 10:30 pm EDT®, Once the NHC issues a
Wetch or Warning for a particular area, Public Advisories are issued every
three hours, énd the 6 am, Noon, 6 pm and Midnight EDT advisories are based
on the new forecasts. |

Public Advisories include: an updated report on the position and track
of the hurricane, forecast position, berometric pressure at the center, maximum
sustained winds, wind gusts, areas subject to a Hurricane Watch or Warning,
the predicted wind speeds and storm surge expected in those areas, and the
probability of the hurricane reaching landfall at specific locations. Forecast
positions are given for 12, 24, 36, 48, and 72 hours beyond the time the forecast
is made.

Beginning with the 1983 hurricane season, the NHC began including in
the Advisory the probability of the hurricane reaching landfall at specifice
locations. Probabilities are defined &s the chance in percent that the center
of the storm will pass within approximately 65 miles of a stated location.
Probabilities are issued in tabular form, as shown in Figure 3.2. (77)

As was shown clearly during Hurricane Gloria, the NHC, as well as regional
and local NWS offices, provide close coordination with local T.V. and radio
stations serving areas within the projected track of a hurricane.

TROPICAL STORMS -:The NHC also prepares forecasts and warnings for tropieal
storms, and uses the SLOSH model to predict storm surges generated by tropical
storms. As-with hurricanes, no separate wave height is predicted. The New
York WSFO may modify the tropical storm forecast and warning for LIS based

A Hurricane Watch is 1ssued for a coastal area when there is a threat of hurricane
conditions within 24-36 hours. A Hnu_mne__uammg is issued when hurricane
conditions are expectd in a specified coastal area in 24 hours or less. (77)

6Except for the 10:30 pm advisory, the forecast preparation begins four hours
before the advisory time. The 10:30 pm advisory is issued earlier in order
that it may be available for the evening television news broadeast. (77)
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on local-condit_ions, and both the New York WSFO and the Bridgeport and Hartford
WSOs will supplement the forecast and warning with a report on local conditions.
(20,68,69) ' ‘

32,2 State of Connectjcut Procedures

Offices of two Connecticut State agencies, identified as the State Warning
Pointvs,': are responsible for receiving and disseminating emergency .warnings.
The primary State Warning Point is located in the Communication Division,
Connecticut State Police (CSP), in Hartford. This location is manned continuously
by full-time ecivilian radio dispatchers. The alternate State Warning Point
is located at the. Connecticut Office of Civil Preparedness (OCP) in Hartford.
This office is meanned during normal working days from 8:00 am to 4:00 pm.
The OCP handles warni'ng messages during' working hours only. After hours,
the CSP initiate warning activities.

. Both Connecticut State Warning Points receive their information via NAWAS,
NWS Teletype, and NOAA VHF radio. Upon receipt of a weather watch or warning,
the State Warning Point activates the state NAWAS and COLLECT (Connecticut
On-Line Law Enforcement Communications Teleprocessing) systems to distribute
the warnings to each regional OCP office and appropriate offiecials in each
municipality. Towns not equipped with either NAWAS or COLLECT systems (Figure
3.3) must be reached through the fanout system (Figure 3.4). Connecticut
State Police ‘Troups located in coastal areas may assist local officials in
observing'flbdd conditions, alerting residents, and taking .other actions,
such as blocking flooded roadways. (78,79,80,81,82,83)

Loqal"citi"és and towns receive weather warningsv through the State warning
system, direétly from NOAA Weather Radio, and from T.V. and radio stations.
According to local officials, flood warnings are often received from NOAA
Weather Radio and local media before they are received through the State Warning
System. This may refleet, in part, that coastal flood conditions develop
over a period of time and the regular weather forecasts usually provide some
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SOURCE:

CT Office of Civil Preparedness, Hartford, CT.
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" FIGURE 3.4: Connecticut Warning Flow Chart
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indication that a weather watch or -warning will be forthcoming well before

-it is actually issued.

Local officials generally do not rely entirely upon official flood warﬁings.
They also make their own observations of storm surge levels, and make decisions
based on these observations combined with their knowledge of areas prone. to
flooding. Local observations and decisions ere particularly important for

‘winter storms. During hurricanes, as indicated during Hurricane Gloria, NWS

wa'rnings mdy affect local decisions more than local observations of flood
conditions.

Once a flood warning is received at the local 1eve1 and confirmed by .
observations, officials utilize several methods of notifying local residents
of specific actions, such as evacuation, that should be taken. The most common
methods »of disseminating information locally are: areawide sirens, areawide
public address systems, car mounted loud speakers, and door-to-door notification.
Some towns also use local beach associations and telephone calls to notify

_area residents._AIn some towns the local civil preparedness office establishes

direct con'tact with a local T.V. or radio station. Many local civil preparedness

. officials also maintain telephone contact with the Bridgeport WSO to ensure

that they are informed of the latest conditions and forecasts. (32,78,79,80,81,
82,84,85,86,87,88,169,170)
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This section examines available techniques and programs which may be applied
to develop a Connecticut coastal flood monitoring network and warning system.

41  STORM SURGE AND WAVE MODELS

Theoretical models can be used- to- prediet storm surge levels associated
with storms. All theoretiecal models involve some assumptions and apprbximation ,
of the actual phySics involved in storm surge generation. The simplest models
are -statistical, and correlate observed storm surge with other meteorological
or oceanographic phenomena. With the widespread availability of powerful
computebs in the 1960's, more eomble:’('numeri‘cal models were formulated tb
predict storm surge. A summary of applicable statistical and numerical storm
surge models is provided below, and a fuller discussion is presented. in Appehdix
B. '

41.1  Storm Surge Models
STATISTICAL STORM SURGE STUD]IES FOR LIS There have been three major statistical

studies of storm surges along the coast of Connecticut. The first, in 1973,
was published by the New England Division of the COE (89). The COE revised

‘this work in 1980 (6) during a second study using tide-gage data from stations

at  Willets Point, NY, and Stamford, Bridgeport, New London, and Stonington,
Connecticut. = A major decision in the 1980 study was to eliminate the 1938
hurrlcane data from the statistical model, thereby lowermg the 100-year flood
estlmates, particularly in eastern Connectlcut (Fzgure B.1). (46)

The most recent study waé performed in 1982 by Dewberry énd Davis, Ine,
under contract to FEMA (46), and was essentially a review of the 1980 COE
study. The major difference ‘was ineclusion of the 1938 hurricane data in their
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statistical model fit, particularly in eastern Connecticut where the 1938
surge was highest. FEMA adopted the 1980 COE surge profiles, exéept in the
New London area where they were increased to fit the 1938 hurricane data.
The resulting profiles (Figure B.2) were used by FEMA in updates to coastal

flood insurance studies.

NWS STORM SURGE MODEL FOR EXTRATROPICAL STORMS In the early 1970's, at the
request of the NWS Eastern Region Headquarters at Garden City, Long Island,

the NWS Techniques Development Laboratory (TDL) developed an empirical model
for predicting storm surge during extratropical storms at 12 locations along
the U.S. east coast. Separate regression equations were derived for each
station by relating observed storm surge at each station to sea level pressure
at six-hour intervals at selected points along the east coast and over the
Atlantic Ocean. Two versions of the model are available: an automated model
that uses sea level pressure data at several locations directly from a  NMC
computerized database, and a manual one that can be used at WSFOs based on
observed sea level pressure, (15,32,71,73,90,69)

Stamford, Connecticut is one of the 12 locations for which regression equations
were deveioped. Review of observed vs. forecast surges, as provided by the
NWS (Figure 4.1), indicates that the model consistently over-estimates storm
surge at Stamford.” The COE, which uses NWS storm surge forecasts as an aid
in operating the Stamford Hurricane Barrier, reported that predicted surges
are usually higher than recorded surges. No systematic records of predicted
vs. recorded storm surge ht Stamford have been maintained to measure the forecast
accuracy over a long term period. The models have not been recently updated.
(39,71,73,75) . .

HHMEBIQAL_STQBM_SHRGE_MQDELS_TO predict the storm surge associated with
a particular storm, statistical storm surge summaries are inadequate, and
a realistic model of the effects of winds and barometric pressure on the surface
of the water of a particular basin is needed. These more realistic numerical
models are complex and require powerful computers. They generally use as
input some representation of the storm, including central pressure index,
wind distribution and speed, storm track and forward speed, and a representation
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of the basin, including topography and bathmetry.

NUMERICAL TIDE AND STORM SURGE MODELS USED IN LIS Many numerical tide and
storm surge models have been developed for application in different areas
and to achieve specific purposes. A few of these models, or portions of larger
models, have been used in Long Island Sound. However, only the NWS SLOSH
model is- presently operational in a Long Island Sound version. The SLOSH
model and one additional set of numerical models pdtentially applicable to
LIS are briefly reviewed below, and in more detail in Appendix B. '

NWS SLOSH Model -- SLOSH (Sea, Lake, and Overland Surges from Hurricanes)
is a numerical model developed for real-time forecasting of hurricane storm
surge along the continental shelves, including large estuaries and bays.
It was adapted from an earlier model used by NWS, SPLASH (Special Program
to List Amplitudes of Surges from Hurricanes), which did not apply to large
embayments like Long Island Sound. The SLOSH model includes a storm wind model,
which is fed by several time-dependent meteorological storm variables:

(1) Latitude and longitude of storm positions, at 6-hour intervals, for
& 72-hour storm track. This begins 48 hours before the storm's nearest
approach, and ends 24 hours after the nearest approach.

(2) Storm central pressure at 6-hour intervals.

(3) Storm size (center to region of maximum winds) at 6-hour intervals.

~ Winds are computed independently by the model, and are not input parameters.
Only initial still-water elevations at the boundary regions of the model
are required; “actual storm surge levels are not input parametefs after the
model begins running. o

The SLOSH model does not include a tide model within it, because of the
uncertainty in timing of tropical cyclones with respect to the surface tide,
and because the SLOSH model is also used in a forecast, or "atlas" mode, where
the storm surge is simply added to the corresponding tide (see Section 4.4.1).
(91,92,93,94)
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The SLOSH model is being applied to 22 basins, covering most of the Gulf
of Mexico and Atlantic coastal areas, as shown in Figure 4.2, The NWS can
run the SLOSH model for a basin as the hurricane approaches within six hours
of landfall. As a hurricane or tropical storm moves up the Atlantic coast,
the SLOSH model can be run for successive basins. The computers and data
input for ruhning the SLOSH model are located at NWS offices in Silver Springs,
but output from the model is routed to the NWS National Burricane Center (NHC)
at Coral Gables, Florida. ’

NWS estimates that the SLOSHB model will predict storm surge levels with
an error of about +/-20% (e.g., an acceptable predicted range of 8-12 feet
for an actual surge of 10 feet at a specific location). Of course, achieving .
the 20% accurécy level requires that the input parameters be accurate: the
basin must be properly described, initial still-water levels at the boundaries
must be accurate, and the storm itself must perform in accordance with 'forecasts\
(pressure, track', forward speed, etc.). The 20% accuracy level has been verified
for many coastal locations (including large embayments such as Galveston Bay
and Chesapeake Bay), using observed data from historical storms. For real-time
applications of SLOSH, achieving a 20% accuracy level .is more difficuit, bécause
the storm surge estimates are related té storm track and forward speed, which
often vary from forecasts. '

Two of the SLOSH basins — Narragansett/Buzzards Bays (# 2), ahd New York/Long
Island Sound (# 3) -- cover LIS and coastal Connecticut. The New York/Long
Island Sound SLOSH basin became operational only within the past year following

'input of "requir_ed bathymetry and topographic data at grid coordinates. The

model was first used operationally for the Long Island Sound aree in September,
1985 for Hurricane Gloria. Because the storm took a more easterly track than
forecast, the predicted storm surge in LIS from Hurricane Gloria was significantly
greater than the surge that actually occurred. '

Although the SLOSH model is now operatiénal for LIS and was used in a real-
time mode during Hurricane Gloria, it has not yet been 'verified‘ using historical
storms that crossed over or near LIS. The shallow water in LIS, effect of
Long Island on dissipating storms, and other factors peculiar to LIS may adversely
affect the accuracy of SLOSH storm surge predictions in LIS. (72,93,95,96,97,98)
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'SLOSH BASINS

1. BOSTON BAY 12. FLORIDA BAY
2. NARRAGANSETT/ 13. CHARLOTTE HARBOR [ ad
BUZZARDS BAYS 14. TAMPA BAY :
3. NEW YORK/ 15. PENSACOLA BAY
LONG ISLAND SOUND 16. MOBILE BAY
4. DELAVARE BAY © 17. LAKE PONTCHARTRAIN/ — /&
5. CHESAPEAKE BAY NEW ORLEANS \
6. PAMLICO SCUND 18. SABINE LAKE \
7. CHARLESTON HARBOR 19. GALVESTON BAY A
8. SAVANNAH/HILTON HEAD  20. MATAGORDA BAY \
9. BRUNSWICK 21. CORPUS CHRISTI BAY \
10. LAKE OKEECHOBEE 22. LAGUNA MADRE A
11. BISCAYNE BAY

SOURCE: Jelesnianski, C.P., J. Chen, W.A. Shaffer, and A.J. Gilad. Undated.
SLOSH - A Hurricane Storm Surge Forecast Model. Techniques Development
Laboratory, National Weather Service, NOAA, Silver Spring, MD. ‘ .

FIGURE 4.2: SLOSB Basins Along the Gulf of Mexico and
' Atlantic Coastlines
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Spaulding  Models — - The Spaulding Models are 2-dimensional, vertically
integrated finite difference models. Although primarily tidal models, they
could be adapted easily to: include storm surge effects. The models appeared
to work well on tidal time scales important for coastal flooding.

Since storm surge effects have not been ‘included in the models as applied
to LIS, there was no wind stress ter’m,' and the time history of development
of a wind field could not be included. In a later application of the model
for the North 'Sea,_wind-stress (or surface stress) was included in the formulation
using boundary fitted coordinates. Any future application of the Spaulding-type
models must include a storm model for generating vector wind fields. Costs
of converting these models t'oA include storm surge effects, including verification,
are estimated at between $50,000 and $100,000. If develbped, this model could
be applied to extratropical storms, Preparation of a ‘series of innundation
maps based on multiple storm scenarios (similar to procedures used with the
SLOSH model), would probably cost well in excess of $100,000, (99,100,101,174)

Wave forecasting and hindeasting is acéomplished by approximating the physies
of wave generatiqh and wave transformation using models.- In general, wave .
models can be considered discrete or parametric, although‘ hybrid models have
recently emerg_ed.' The discrete models are complex, and attempt to directly |
simulate the wave energy balance or transport equation. - In contrast, with
parametric wave models the major features of a wave are derived more simply,
and requ_iré less computation (often relying upon nomographs). There is consid-
erable debate over which.type of model is most appropriate for shallow water
conditions, such as exist in LIS, - | ' A

QQEMHmDQASLMQDELThe COE has historically used a parametrie model,
as described in the Shore Protection Manual (104), for wave . hindeasting.

* This method is commonly used for generatingn data on wave characteristics for.
use in designing coastal protective structures, when empirical wave data is

unavailable. More recently, the COE has developed a discrete wave model for

- use in shallow water.
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FEMA WAVE HEIGHT ESTIMATES The National Academy of Seiences developed a metho-
dology . for use by FEMA in estimating wave crest elevations associated with
any frequency storm. This model is used in the preparation of Flood Insurance
Studies and FIRMs, The method includes means for taking account of varying
fetch lengths, barriers to wave transmission, and the regeneration of waves
likely to occur over flooded land aress. It assumes a high correlation between
wave heights and still-water level for a given frequency still-water level. (171,
172,173)

NWS WAVE FORECAST MODELThe National Weather Service uses a wind-wave

forecast for generalized offshore wave conditions. This wave forecast is

of the parametric type, based largely on empirical relationships between the
size of waves generated by specific winds. Three parameters required to use
these nomographs are wind speed, fetch length, and wind duration. There is
"no procedure for collecting actual wave height information for comparison
with wave forecasts. (20,32,69) |

For the NWS purposes of providing marine forecasts for mariners, genera-
lized wave forecasts may be adequate. However, since these nomograph techniques
ignore all details of wave scattering and dissipation, they are not ideal
for providing coastal flood warnings to coastal residents. '

MMERIQAL_WA]LE_EQBEQA&'LM_QDELS For best results, a numerical wave forecast
model is required, which includes the full effects of dissipation and scattering.
Several shallow-water, wind-wave models appropriate for providing LIS wave
forecasts are available. Costs of adapting one ; of these models to LIS are
estimated to be on the order of $30,000, (174)

42 = INSTRUMENTATION

Instruments for automatically measuring and recording water levels in the.

ocean environment have been in use for over 100 years, and for measuring wave
characteristics for more than 20 years. A major improvement in recent years
has been the replacement of mechanical devices that must actually be in contact
with the water surface with "remote" instruments that need not be in contact
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with the water .surface. Typically, these "remote" instruments are mounted
on the bottom of the ocean. (27)

Another major advance'- is the use of microprocessors and other microelectfonics
to provide rapnd samphng and processing of data at remote locations. These
data may be stored (typlcally on magnetic tape cassettes) at the remote site
for perlodlc retrieval, or transmitted to another location by telephone lines,
UHF or VHF radio, o_r satellite. Although initial capital and installation
costs of this new generation of instruments is usually higher than the older
technology, it has generally proved more accurate and reliable, requires less
maintenance, and can be deployed in locations unsuitable for most of the older
generation of instruments. ‘

Reliability and maintenance requirements are particula'rly' important for
instruments used to obtain oceanographic data.  Instruments placed in the
ocean must be much more durable than those used in rivers and lakes in order
to withstand corrosion, bidlogical fouling, abrasion from sand scouring, and
damhge from wave forces, The following sections provide an introduction to
the princi;‘jai" types of instruments available for obtainingv_ tide, storm surge,
and wave measurements. - ’

420 - Tide and Storm Surge Measurements

RRESQRE_SEHS_QB& Pressure sensors measure water level indirectly. The actual
measurement is- of hydraulic pressure. Some sensors also measure “atmospheric'
pressure, and this portion of the*tdtal pressure must be removed in order
to obtain an accurate measurement of water level (corrective procedures are
often incorporated within the sénsor). - Pressure gages do not require a stilling
well, . Still-water level is normally determined by rapidly taking many samples
over a fixed time period and averaging the results. Three types of pressure
gages are available to measure tide and storm sﬁrge levels: bubbler gages,

“strain gage pressure sensors and quartz pressure sensors.

Buhb]_ér_gage: Bubbler gages, of the type now in use in LIS by NOS and
USGS, use compressed air released through a bubble orifice at the end of a
length of tubing on the ocean floor. The changing head (water level) above
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the bubble orifice causes a corresponding pressure change, whieh is reflected
in a manometer, which is usually conneeted to an electro-mechanical chart
recorder or some iype of transmitter. Bubbler gages do not require a stilling
well, and the bubble orifice can be placed several hundred feet from the compressed
air source and recording/transmitting equipment. A typieal bubbler gage instal-
lation is shown in Figure 2.10. (107,108)

' S_tnm_g.ag.e_masnLLs_ens.Qn, Strain gage pressure sensors utilize some
type of variablé resistance sensor (e.g. hydraulie, semiconductor, or conductivity)
in combination with an electrical circuit. As pressure from the water (and
atmosphere) column changes, resistance changes (voltage varies). Voltage
change is the actual measurement. Sensitivity of strain gage pressure sensors
may vary considerably depending upon the specific type and quality of gage,
but a typical gage may have a resolution of .1% and an accuracy of .5% of
the total measurement range (e.g. for a measurement range of 30 feet, a resolution
of about 1/2 inech and an accuracy of about 2 inches). Strain gage pressure
sensors are usually highly temperature sensitive, and readings must be temperature
corrected (thermistor often included in gage to permit automatic correction).
Strain gage pressure sensors may .vary in cost from as low as $4200 to about
$2,000. '

Quartz  pressure sensor: Quartz pressure sensors utilize a quartz crystal
with a frequeney of oscillation that is a function of pressure. The frequency

of oscillation is the measurement method. Quartz pressure sensors are much
less temperature sensitive and have lower power requirements than strain gage
pressure sénsors. They are also more sensitive and a typieal resolution is
.005% with an accuracy of .01% of the total measurement range. Quartz pressure
sensors cost in the range of $2,000 or slightly more.

Tide gages usingv either strain gage or quartz pressure sensors incorporate
electronics packages that control the sampling rate, iength of sample (integration
time), and,v'averaging of samples to filter out the effects of waves. For example,
to obtain one water level sample, the instrument might average all instantaneous
water level readings over a 60-second period in order to filter out wave action,

Most instruments have variable sampling rates.

Il S SR N B N D BN N B I EE EE
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Strain gage and quartz pressure sensors are housed in a water-tight casing
(such as plastic or aluminum), and mounted near the ocean floor. Some units
are completely self-contained, and store data on magnetic tape within the
gage. Tapes must be periodically retrieved and replaced. Other gageé are
connected by underwater cable to data recording and/or transmitting units
located in riearby instrument bhouses.(109,110) Some typical pressure gages
are shown in Figure 4.3. '

ACQUSTIC SENSQR: Acoustic sensors measure the time it takes for acoustic
pulses or "shock waves" to move between the water surface and calibrated reference
points. The system described here is one developed by Bartex, Ine. A pulse
frequency generator/transmitter/ transponder unit sends acoustic pulses through
a small sounding tube which is mounted on a pier or other structure and extends
from above the water level into the water to the lowest level to be measured
(35 feet maxim'um range). A reference source is contained within the sounding
tube. As the pullse travels down the tube, it is reflected first by the reference
source and then by the water surface. The transducer converts the reflected
acoustic pulses (echos) to electrical pulses. An electronies package measures
the return time for each pulse reflected by the water sﬁrface compared to
that from the reference source, and the water level is determined. This system
has a resolution of .01 foot and an accuracy of about .09 foot over the 35
foot maximum range. Measurements may be automatically initiated at intervals
of one to 99 minutes, or the unit may be interrograted at any time. Output
data is compatible with various telemetry methods. The Bartex gage has been
selected by NOS for initial use and testing in its next generation of water
level stations (sée Section 4.3.1). The Bartex gage, including digital interface,
costs approximately $2,600. (109,111,112,113,114) The Bartex acoustic gage
is shown in Figure 4.4.

Q]:HE_B__’[‘_YBFS_QE_GAQ}S_: Several other types of water level measurement gages
have beén developed, including: float and countérweight (see Section 2.4.2);
resistance wave staff; microwave radar; capacitance type probes; and optical
devices that read a staff gage floating within a stilling well. (109,110)

For various reasons, none of these gages are as well suited to measuring
tide and storm surge levels as the pressure and acoustic gages deseribed above.



Sierrﬁ-Hiscd Model 5050LL-PT
" Liquid Level  Sensor
(sierra-Misco, Inc., Berkeley, CA)

Sea Data Model 635-6 Tidé Recorder
(Sea Data Corporation, Newton, MA)

InterOcean Model STG 7500 Tide Gauge
(shown outside of casing)
(InterOcean Systems, Inc., San Diego, CA)

E;ﬂﬁﬁﬁ.4.3:} Typical Pressure Transducer Type Tide Recorders
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Aquatrak. LG-110 Series Acoustic
Water Level Measurement Instrument
(Bartex, Inc., Annapolis, MD)

FIGURE 4.4: Acoustic Type Tide Gage
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There are many ways to measure waves in the ocean, and a vast literature
on measufement techniques exists. Central requirements are reduced maintenance,
little drift in instrument calibration, ease of maintenance or replacement,
accuracy, reiiability, and ease of adaption to this long-term gaging task.
Different instrumentation may be chosen depending upon whether waves are to
be measured in deep water offshore, or shallow water nearshore, and whether
measurements are to inelude wave directional as well as energy characteristics.

WAVE BUOYS: Wave buoys are commonly used to measure waves (and tides) in
deep water offshore locations, Typical modern wave buoys are floating spheres
that follow the movement of the water surface, Contained inside the sphere
is an accelerometer Whi_ch_measures the vertical acceleration of the buoy,
yielding data on wave heightand wave frequency. Buoys are normally moored
to the ocean bottom. Buoys may record data on magentic tape for periodic
retrieval, or may transmit da.ta by radio frequency or satellite. (110) Figure
4.5 illustrates typicai wave buoys. | |

PRESSURE GAGES: - Bottom-mounted straih gage and quartz pressure sensors may
be used to measure wave characteristics as well as tide and storm surge levels
(see Figure 4.5). For measuring wave characteristies, sampling is generally

based upon "burst," rather than continuous sampling. Determination of sampling-

frequency depends upon several factors, ineluding depth of water, and commonly
ranges from 1-2 Hz (1-0.5 cycle/second). To obtain spectral wave characteristies,
a fourier transformation is performed on time series data, commonly based
on sample sizes in multiples of two. Standard sample sizes, or bursts, are
1,0_24,' 2,048, ete. A 1,024 point sample at 1 Hz results in approximately
17 minutes of data. Analysis of data yields values for significant wave height,
significant wave period, total wave energy, and the fraction of total energy
within each period, as illustrated in Figure 4.6. '

Wave gages may be self-contained, with all necessary data processing electronies
and data storage capability built into the gage. Other options include internal
data processing, with transmission to a near shore station by underwater cable;
or data collection only, with all data processing occurring at a shore station
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Sea Data Model 635-9
Directional wWave Recorder
(bottom mounted, shown

in mooring tripod)

{Sea Data Corporation,
Newton, Ma)

NBA Mocdel WBU-1 Wavecrest Wave Prﬁfiling Buoy
(NBA (Controls) LTD., Parnborough, England)

FIGURE 4.5: Typical Wave Measurement Gages
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FIGURE 4.6: Sample Analysis of Wave Parameters



(data transmission by underwater cable). (110)
Several pressure gages may be arranged in an array to obtain directional

wave data. Directional wave recorders are also available that measure wave

direction by means of an electromagnetic flow sensor. (110,115)

An enormous variety of meteorological instruments is available for automatically

'sampling a wide range of meteorological conditions. Meteorological parameters

most applicable to a coastal flood monitoring network and warning system are
wind speed and direction and barometric pressure. No review of the different

‘types of instruments available is provided in this report. -

Microprocessor technology has greatly increased the speed of data processing
and has made real-time data collection, transmission, and processing practicable.
With the availability of microcomputers in the early '1980's, this real-time
capability -is now available to small scale users at -a reasonable cost. In
the simplist terms, this technology involves transformation of raw data into
a digital format for processing and transmission; transmission by telephone
lines, radio fi'equency, or satellite; and transformation of processed data
into appropriate statistical data, engineering terms, graphics, or other appro-
priate forms. - Unfortunately, there is a great lack of standarization in the
technologj by whieh data are collected, transmitted and processed. Consequently,
specific applications such as a Connecticut flood monitoring network generally
cannot be deployed simply by assembling individual components from different
vendors. Almost . inevitably, some off-the-shelf components will not be fully
compatible with others, requiring that some hardware and/or software components
be customized. ' ‘

As an exampie, the Connecticut ASERT system is not compatible with some °
other real-time meteorological, hydr'ologic and oceanographie systems, particularly
some wave measurement systems. One limitation is that ASERT is a one-way
communications system; it transmits data only from the remote field stations
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to a base station, The field units may not be queried (interrogated) from
the base station (with ASERT the user may interrogate the base station unit
for data stored in the computer memory). By contrast, some storm surge and
wave measurement systems are based on. two-way communications. A user at the
base station may directly interrogate the field station to obtein the most
recent measdrements. If the sensor and related electronics package permit,
the user may also reprogram the sensor to change sampling rate or perform
other modifications. Two-way communications systems are more expensive than
& one-way communicétions system. A two-way system would not be compatible
with the radio repeater stations used with ASERT.

ASERT ié alsb an event reporting system: field stations transmit rainfall
and streamflow data at random times whenever a sample differs from the previous
sample by a predetermined amount (meteorological measurements are transmitted
on a timed basis). Because transmission time of a single piece of data is
brief less than .25 second) very few individual transmissions will be lost
due to interference. Lost data units (sueh as may oceur during an intense
rain storm) are not critical to overall data quality since all data is transmitted
in equal units (e.g. 1.0 mm of rainfall), and the data coding and software
permit all data transmissions to be acéumulated even if individual units are
lost. Wave data are normally transmitted on a timed basis to aveid interference
and loss of data. Unlike 'rainf,all, streamflow, and storm surge, every piece
of wave data is required in order to obtain wave spectral parameters. Conse-
guently, measurements of full wave characteristics cannot be sent over the
same radio frequencies or use the existing radio repeaters and base station
receivers ihét are part of ASERT without compromising the wave data. (61,110,116,
117,174)

Several sighificant developments are underway or planned which may influence
the way in which a Connecticut coastal flood monitoring network and warning
system should be designed and operated. In addition, several existing real-
time monitoring and warning bnetworks pro.vide,useful information for design

considerations.
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FEMA HURRICANE PREPAREDNESS PROGRAM FEMA, in cooperation with NWS, the COE
and coastal states, has underway a Hurricane Preparedness Program. 'Among
the objectives of this program is the development of special evacuation elements
for inelusion in state and loeal emergency operations plans, in response to
the apprdach of hurricanes in high-risk, high-population areas. A complete
Hurricane Preparedness Study for a region may require 3-5 years to complete
and cost on the order of $2,000,000. The studies are federally funded with
contributions from FEMA, NWS, and COE, State and local officials contribute
stéff time to work with federal agencies. '

One of the first elements of a Hurricane Preparedness Study is performance
of a Hurricane Hazard Analysis. This is an analysis of the expected hazards
that would require the temporary emergency relocation of some portion of “the
population. The results of the analysis form the basis for determining vulnerable
areas that require evacuation. The principal tool used in the hazard analysis
is the NWS SLOSH model. Instead of running SLOSH in a real-time mode, it
is used to run a series of simulations of possible hurricanes. Normally,
the five' storm inteﬁsities of the Saffir/Sim_pson scale are simulated. Three
hundred or more simulation runs may be performed, representing various combinations
of hurricane intensity, track, size, and forward speed. ' '

Each hypothetical hurricane simulated by SLOSH would confront an area with
one of many distinet hazard scenarios which, in turn, ulti‘niately make up the
evacuation‘scenario_s, or levels. The output of the SLOSH model provides four
major types of information on the effects of the simulated hurricanes. They
are: 1) Surface envelopé of highest surges above mean sea level; 2) Time histories
of surges at selected gages or grid points; 3) Computed windspeeds at selected
gages or grid points; and 4) Compuied wind directions at selected gages or
grid points. The results of individual surge model simulations (and/or groups
of common intensity/track types, termed Maximum Envelopes of Water - MEOWs)
will provide predicted storm surge elevations. Innundation maps based on
these predicted storm surge elevations will indicate vulnerable coastal areas
and will form the basis for several distinet evacuation levels.
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According to FEMA and NWS personnel, current plans are to begin the Hurricane
Hazard Analysis, including running hurricane simulations for the Narrangansett/-
Buzzards Bay SLOSH basin (Figure 4.2 and B.3), in the latter part of calendar
year 1986. A definite schedule for beginning a Hurricane Hazard..An.alysis
for the New York/Long Island Sound SLOSH basin (Figure 4.2 and B.4) has not
yet been established, but it may begin in FY 87. The start date will depend
upon available funding and.priori"(ies among basins. Once the simulations
for‘ these basins have been run and MEOWs developed, the MEOWs will form the
basis for evacuation notices; not the forecast storm surge from a real-time
SLOSH run. Although NWS will continue to run SLOSH in & real-time mode as
a hurricane approaches, it will base all public warnings for evacuation purposes
on the ME.OWs appiicable to the forecast track, intensity and forward speed
of the hurricane. The accuracy of the MEOWs relative to the actual storm
surge will largely depend upon the accuracy of the hurricane forecast.

As indicated in Section 4.1 and Appendix B, the SLOSH model may have some
limitations as applied to LIS. Connecticut (as well as New York and Rhode
Island) officials should work closely with the FEMA, NWS and COE in the application
of the model to LIS to ensure the most favorable results. (71,72,93,96,97,118,
119,120, 121,122) '

NOS NGWLMS PROGRANM The NOS operates and maintains the National Water Level
Observation Network (NWLON) to accomplish its mission requirement for measuring
and disseminating tides and water level data. Because the technology used
to support the N‘WLON is aging and obsolete, NOS will i'eplace it with a modernized
system, the Next Generation Water Level Measurement System (NGWLMS). NGWLMS
is a fully integrated system encompassing new technology sensors and recording
equipment, multiple data transmission options, and an integrated data processing,
analysis and dissemination system.

NOS has selected an acoustic gage (manufactured by 1Bartex, Ine,, and described
in Seection 4.2) for measuring tides and storm surge, with a pressure gage
as backup. The acoustic gage will receive further evaluation during initial
installations, so its selection is not entirely assured for the entire new
system. NOS apparently has no plans to measure wave characteristies (most
NOS gage stations are located in areas at least partially protected from wave
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action). Information will be collected and transmitted in near real-time.
The primary means of data transmission will be by GOES Satellite. Radio and
telephone telemetry is also planned. Figure 4.7 illustrates the proposed
system. NOS plans to make available to interested users a software prbgram
(floppy disk for use in a microcomputer) which will enable the users to obtain
both actual (near real-time) and predicted (as in published tide tables) tide
levels by connecting with any NOS gage through a telephone modem.

NOS hopes to have NGWLMS fully operational in the late 1980s or early 1990s.
However, the schedule for upgrading tide stations has not been finalized and
will depend upon several factors such as heed for equipment replacement, geographie
spread of initial installations to be used for continued testing and evaluation,
and available budget. NOS has indicated that it would invite interested states
to enter into cooperative agreements for early installation of gages in their
area (in Connecticut one of the two NOS gages could potentlally be ineluded
as an early installation). (27,98,123, 124,125)

MSJELEMEIMEDA’IE 'The NWS generally does not own and operate its own tide
gage stations. But at many NOS gage stations, such as Bridgeport, the NWS
does 'operate.a tide level recording unit off of the NOS primary gage. The
existing equipment (Bristol Metameter) is old and no longer reliable, so the
NWS is now installing new telemetry instrumentation (Handar, Inc., Model 540A)
at selected NOS gage stations. This new instrumentation is intended to provide
near real-time data to the NMC in Silver Springs to improve NWS forecasting
ability, as well as continue to have real-time data available in local NWS -
offices. Use of this new equipment is intended to be temporary: as NOS upgrades
its NWLON system with the new gages and telemetry, NWS will remove its Handar
instruments and redeploy them in riverine areas. A Handar unit is expected
to be installed by NWS at the Bridgeport NOS gage in the very near future
(unit already available at Bridgeport WSO office). One disadvantage to the
Handar equipment is that it will not provide a cbntinubus display and chart
record of tide levels as the present Bristol equipment does. Instead, local
NWS personnel must interrograte the gage‘ to. obtain tide levels. (32,33,34,98,117,
123,124,125,126,127) | | |
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FEDERAL INTERAGENCY STANDARDS COMMITTEE In response to the lack of standarization
in the equipment manufacturevd for measurement, transmission and analysis of
meteorologic, hydrologic and oceanographic date, a federal interagency standards
committee was formed in the summer of 1985. The first mee_tihg of the committee
was scheduled for October, 1985. (98,128) '

FEMA 1EMIS PROGRAM FEMA has developed an Integrated Emergency Management
Information System (IEMIS) that is intended to eallow FEMA headquarters, training
center and regional offices, and state and local governments to perform data
sharing, joint planning, exercising and — potentially —— operational coordina-
tion. Currently, the system is on-~line at the FEMA headquarters, regional
offices; and training center. IEMIS uses a 'standard national map for display
of information. The system originated with FEMA's Radiological Emergency
Preparedness Program, and future developments are planned to include adaptations
for hurricane evacuation and evacuations below failed dams, among others,

Curx?ently; ,_FEMA is eooperating with the NWS and City of Tulsa., Oklahoma
in development of an operational flood warning system on IEMIS. FEMA indicated
that it is seéking other states, localities and private contractors to participate
in pilot projects. Other states activelyjinv'oh‘led with IEMIS include Louisiana
and Massachusetts. Connecticut is not presently pursuing operational involvement
with IEMIS. Although IEMIS program goals are ambitious, it is uneclear at

~ this time whether there is a real need or opportunity for a Connecticut coastal

flood monitoring network and warning system to be operationally compatible

with IEMIS. (121,129,130,131,132,133, 134)

COASTAL FLOOD WARNING PROGRAMS
Isnnaml_w.anmng The NWS, in cooperation with NOS, oper‘a'tes a tsunami warning
system in the Pacific Ocean. Wave data is telemetered to a central receiving

station. When an earthquake occurs or wave characteristics indicate the potential
for a tsunami, the gages are signaled to increase their sampling rate. (27)
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. Harrison County, Mississippi Water Level Monpitoring System The Harrison

County, Mississippi Office of Civil Preparedness (Gulfport area) is currently
developing a real-time flood warning system. This system is very similar
to the Connecticut ASERT/ALERT system, and will include 3 river and 3 cbastal
sites. Data will be transmitted by VHF radio to the Civil Preparedness office.
Officials feel this system will provide them with accurate information on
storm surge without having to send out observers under dangerous conditions.
Wave characteristics will not be measured, nor is any prediction of storm
surge pianned. (163,164)

Ihnm_es_Bjm_Esj.uam,_England An operational system in the Thames River

Estuary provides the Canterbury City Council with real-time data on tide and
wind conditions. One station (pressure transducer) in the harbor at Whitstable,
transmits tide and wind daté at regular intervals by dedicated telephone line
to the Council offices in Canterbury. A similar station out in the estuary
transmits data by radio frequeney. The receiving station is equipped with
a modem and a speech synthesizer, so that it may be accessed from. any location
and a synthesized voice will report tide and wind econditions. (165)

Ganges_River/Bay of Bengal Flood Warning Network In cooperation with the

National Aeronautics and Space Administration (NASA), the government of Bangladesh
has installed a network of 10 tide gages along the Ganges River and a fully
equipped meteorological buoy in the Bay of Béngal. Data are transmitted through
the ARGOS Satellite System to a ground station in Dacea, the capitol of Bangla-
desh. Early warnings provided by this system were credited with saving numerous
lives durir‘lg the disastrous May 1985 cyclone which struck the Bay of Bengal.
(166,167) - |

NAVIGATION PROJECTS

New York Harbor Tidal Gage System The "New York Harbor Tidal Gauge System”
is a cooperative effort between NOS, New York Department of State and the
Maritime Administration of the.Port of New York (MAPONY). It provides real-time
water level data from four NOS tide gages.. The system is oriented primarily

towards navigation, but can also be used for other purposes, including input
to weather forecasts. Tide level data from the four gages are available via

N - . . -
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telephone telemetry to a microcomputer (IBM PC) at MAPONY offices, the New
York WSFO and system subseribers. Data are available on a computer terminal
display or paper printout (See Figure 4.8). No provision has been made for
permanent data storage. l ' '

System installation costs of $250,000 were provided by the New York Department
of State. Anyone may subscribe to the system with a $100 connection fee and

.$100 monthly charge. A compatible microcomputer or terminal and a modem are

all that is required to access the system. The system  was intended to be
finanecially selfsupporting through subscriber fees, but there are currently
only three paid subseribers and the possibility exists that the system may
be shut down. Although reportedly providing accurate and useful information,
the system has suffered reliability problems because of difficulties with
the telephone lines. ' -

The primary users of the information are the NWS and the Sandy Hook Pilots
Association (movement of ships in and out of New York Harbor). The New York
WSFO uses data from the system as input to its weather and storm surge forecasts,
ineluding data during Hurricane Gloria, Although proponents of the. system
(including  NOS and MAPONY) speak of thé tremendous financial savings available
to ship owners by being able to move ships sooner or more fully loaded, most
ship owners apparently remain unconvincéd and have been unwilling to provide
financial support for the system, | '

The New York WSFO reported that it found real-time information from the
network to be of great value during Hurricane Gloria. One station was not
operétional during Hurricane Gloria because of problems with the telephone
lines, another gage was operational during only part of the storm, and two -
gages were operational through the entire storm. (22,125,139,140,141,142,143,
144,146,147,148,149,153) | |

Delaware Bay Navigation Projeet - NOS has funded a special Delaware Bay
Program which ihéorporates a num‘eric‘él" model of tide levels and currents in
the Bay. The model, combined with four acoustic tide gages, several current
meters, and meteorological instruments provides real-time and predicted data
on currents and tide levels in Delaware Bay. This information is telemetered
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FORT OF NEW YORK TIDE TELEMETRY SYSTEM

SAMPLE  TIDE WIND
~EMOTE TIME LEVEL SPEED
STATICON [EST] [FEET]  [MNOTE:
SANDY HOCK  09:18 +00.8 0%
BATTERY 09:18 +00.5
BERGEN PNT 09:18 +00.8 0S
HILLETS 0%:15 +02.7

IANDY HOOK  09:24° +00.6 0%
BATTERY 09:29 +00.5
SERGEN PNT 09:24 +00.7 25
WILLETS 09:24 +02.6

SANDY HOOK  09:30 +00.5 09
BATTERY 09:30 +00.5

BERGEN FNT 09:30 +00.7 05
WILLETS 09:30 +02.5

SANDY HOOK 09:34 +00.5 0%
BATTERY 09:3¢4 +00.5

BERGEN PNT 0%9:38 +00.7 07
WILLETS 09:36 +02.4

ANDY HOOK D9:42 +00.5 09
BATTERY 09:42 +00.5

BERGEN PNT 09:42 +00.6 08
WILLETS 09:42 +02.3 .
SANDY HOOK 0%:45 +00.5 04
BATTERY.  09:48 +00.5

BERGEN PNT 09:48 +00.6 06
WILLETS 09:48 +02.2

SANDY HOOK 09:54 +00.6 04
BATTERY 09:54 +00.4

BERGEN PNT 09:54 +00.4 08
WILLETS 09:54 +02.1

SOURCE:;

MR O
WIND WIND
DIREZT GLET
DEZ-TI IKNCT

258
216
258
208

DATA

GUALITY

cocs

Marxtxme Administration of the Port of New York, New
York, New York

'FIGURE 4.8:

Sample Display of Tidal Data from New York
Harbor Tidal Gage System
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via VHF radio to several computer terminals, including portable terminals
for use on ships by Delaware Bay Harbor Pilots. The numerical model has been
kept on-line by NOS at a cost of several thousand doll&rs per month. Recently,
the system was taken off-line because of costs. Although the model prédit:ts
water levels up to 12 hours in advance, it was not designed to provide an
accurate predlctmn of storm surge (does not mclude all necessary wind stress
fields). (124,125,150 151)

AsidnmnaLN.Qs_Smmr.tgd_nammgn_Rmmi NOS has also helped develop,

in cooperation with the COE, a real-time navigation system in the Columbia
River, Oregon; recently entered into an agreement with the Port of Miami;
and is discussing' agreements with ports at Charleston, South Carolina and
Baltimore and Annapolis, Maryland in Chesapeake Béy. Although NOS indicated
that it can no longer provide funding for pilot projects, it will enter into
cooperative agreements with states and other jurisdictions to provide technical
assistance in the development of real-time navigation systems. (27,124,125,153)

Q_the_n_ﬂe_al_hmg_ﬂmgalmn_ﬂquanm Other real-time navigation ' programs

are in operation around the country, including two privately operated systems

in San Francisco Bay. One of these (apparently no longer operatmg) consisted -

of seven tide stations transmitting every six minutes, It was designed to
be self—supportmg, charglng users & fee of $25 for each ship transit. Another
prlvate firm operates a single tide gage at the San Francisco Bay Bridge.
Since this gage is tied to an ALERT type system, a typical graphmv display
from this gage - is shown as Figure 4.9. Many tide gages with real-time data
transmission are used by dredgmg operatlons in the Great Lakes and other
locations. (61 154 155,156 157)

Nationsl Academy of Sciences Report The NAS, National Research Council,
Marine Board has established a Committee on Information for Port and Harbor
Operations to examine the potential for real-time navigation in bdrts and
harbors. The committee report is due out approximately April, 1986. No infor-
mation is currently available from NAS. (143,152)
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RESEARCH PROJECTS

Other real-time tide, storm surge and wave measurement programs are in
operation. Two major projects are described'below.

MMMMWEMM The COE and the California Department '
of Boating and Waterways have funded a Coastal Data Information Program for
the collection of wave data along the west coast of the U.S. The system was
designed and is operated by the Seripps Institute of Oceanography (SIO).
The primary purpose ‘'of the program is to improve understanding of the wave
climate along the west coast. Knowledge of the wave climate ‘helps with under-
standing the potential for sediment transport and coastal erosion, which are
of major concefn on the west coast.  Major users of the information are SIO,
the COE, coastal engineers, and more recently the NWS and U.S. Navy. |

The complete network consists of about 20 gag"es‘, including wave buoys and
wave diréctional stations in deep water and pressure gages near shore. The
near shore sites use bottom mounted strain gage pressure sensors. Date from
each gage are telemetered to a field station (by VHF radio from deep water
wave buoys, and by cable from near shore pressure gages), where time series
wave data are stored in a buffer. At preset intervals, the central station
computer at Seripps calls up the field stgfions, receives data from the buffer,
performs validity checks, analyses the data, and stores the data in a databank.
During major storms, more frequent measurements can be taken. Data are available
in near real-time to all system subscribers, who may aceess the system using
a~micto¢orhputer or terminal and a modem. Historical data are also available
on-line. Raw data are stored by the COE, Coastal Engineering Research Center
(CERC) office in Vieksburg, Miss'iséippi.

Data on significant wave length and period (wave spectral data is not sent)
are transmitted from the SIO central stétion combuter by telephone lines to
the NWS computer in San Diego. There the data are entered into the NWS AFOS
system (Automation of Field Operations and Service), transmitted to the NMC
in Silver Springs, Maryland, and then sent back out over the AFOS system every
three hours to NWS offices in California, Oregon and Washington. These NWS
offices use the data in preparing_ forecasts and to report actual surge and
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wave conditions in their routine weather bulletins released over NOAA weather
radio. This information is apparently very useful for fishermen and ‘other
mariners. The NWS reports that it has had good success in obtaining and using
data from the SIO network. Even when the NWS AFOS system is temporarily down,
the NWS can call into the SIO computer system using an IBM PC microcomputer.
Recently the U.S. Navy has begun using the SIO network as part of a tsunami
warning system. | '

In addition to the west coast network, the SIO system includes one station
at the COE,‘CERC research station at Duck, North Carolina. SIO personnel
indicated that they are interested in adding other stations to their network,
possibly including a future Connecticut network of storm surge and wave gages.
Date from the local stations would be input to the SIO computer, analyzed
and them sent back out to the local area. Only a terminal and modem are needed
to connect with the SIO system. SIO charges private users a subscription
for participating in the system, and would make it available to a government
user with an approvpriate contribution (the State of California presently con
tributes $50,000/year, and is expected to increase their support to $100,000/-
year). SIO could also assist with installation of gages and telemetry. SIO
publishes a monthly and annual report which summarize the data collected by
the system. A subsecription costs $95.00/yeér. (115,135,136,137,138,175) 7

mnda__Mgnugnng_N_gm_sz The University of Florida at Gainsville, in

cooperation with the COE, CERC has developed a coastal storm surge and wave
monitoring system off the Florida coast. This system is designed to collect
data for'erigineering design and research purposes, and is not used for forecasting
storms or 'surge. A network of approkimately nine pressure transducer gages
is installed on the ocean bottom.at a depth of about 10 meters around the
Florida coast, approximately one-half mile offshore. Under normal conditions,
the system transmits data vie underwater telephone cable to the receiving
unit at the University. During major storms, the system (two-way communications)
is switched to an internal mode, and data are recorded on tape stored within
the gages. (158,159,160,161,162)



4-31
4.3.3 Long Island Sound Water Quality Program

The State of Connecticut recently began work on a new program to investigate
water quality and marine living resources in Long Island Sound. Efforts will
be focused on the western part of the Sound, where sewage effluent and other
pollutants from New York City enter LIS through the East River. The program
is expected to include long term monitoring of ‘nutrient input, productivity,
and circulation, which may involve tide and current meters at selected areas
in LIS, At a recent workshop, participants suggested that a two-dimensional,
vertically integrated, numerical circulation model of the Sound be developed.
Development costs for the rﬁodel were estimated at more than $500,000. Start-up
funding may be available in FY 1987. (177,178,179)



This section describes the general design of four different flood monitoring
networks. Each network design provides a different degree of compatibility
with the Connecticut ASERT system, as well as variations in the type and quality
of data to be collected. Variations and enhancements to each network design
are also indicated. The final choice of a preferred network design dependé
upon & number of factors, including: State budget, funding levels for federal

- programs directly related to flood monitoring and warning; how dependent the

State network should be on other federal state or private programs, and user
needs to be met.

unmmummmA

An optimal flood monitoring network would possess the following characteristics.

Y Accurate measurement of tides, storm surge, and wave spectral character- -

istics, :
(2)  Sufficient number and placement of stations to measure all significant
variation in tide, storm surge and wave action along the CT coast.
3 Accurate measurement of wind speed, wmd direction, and barometric pressure
, at each gage station.
4) High reliablility, ineluding continued operation under severe storm
conditions.

(5) Ability to increase sampling frequency during storms, or at other times

as needed, from the central receiving station.

(6) Data available in real- or near real-time to potential users, including
State emergency officials, mumclpal officials, NWS, navigation interests,
and researchers.

(1) Audible alarms when storm surge and wave conditions exceed critical

: levels,

(8) Processing and display of data to permit easy mterpretatlon and use.

(9) .  Archiving of data for research and verification purposes.

(10) Low equipment and installation costs.

(11) Low maintenance costs, including long life. for equipment.

(12)  Fully compatible with ASERT.

No single network design appears to meet all of these criteria. In the
following sections, several network des1gns are presented each of which requires

some compromise on one or more of the criteria.



2.2.1  Tides and Storm Surge

To measure tidal action and storm surge affecting coastal communities,
gages should be placed at a near-shore location, outside the breaker zone.
Although tides and storm surge are affected by shoreline configuration and
the presence of manmade and natural obstacles, this affeet in LIS is relatively
small. (6,7,46) Therefore, gages may be placed along the open coast or within
a protected harbor with confidence that the measured tide and surge will not

vary greatly from nearby locations.

No projected storm surge data from numerical models is available for the
Connecticut coast to provide guidance for placement of storm surge gages along
the eohstlinel. Therefore, empirical data gathered from storm surge observations
and statistical studies of storm surge must be used to suggest the placement
of gages. These data indicate that a reasor_xable measurement of storm surge
along the Connecticut can be obtained by locating gages in five areas.

(1) Stopington to New London: Storm surge decreases from Stonington to
New London where it reaches a local minimum. The large amplification
of storm surge in the Thames River also makes this area important
for measurement.

(2) - Materford to East Haven: This reach has an almost constant upward
slope in storm surge from east to west. A point about midway along
this reach should permit determination of surge along the entire area.

3) New Haven area: A local maximum in storm surge occurs in the area
‘ of New Haven, and should be measured.

@ Milford to Bridgeport: A signifieant and rapid decrease in storm

surge levels occurs in this area. It is also the lowest point for
storm surge along the Connectlcut coast ‘

) ‘Greenwich/Stamford area: Storm surge is largest in western Connecticut,

and this is also an area with complex offshore bathymetry and offshore

1The NWS SLOSH storm surge model is now operational, but projected storm surges

from theoretical hurricanes have not yet been prepared. Storm surge estimates
for the Connecticut coast prepared during Hurricane Gloria were not available
from the NWS for this study. There are no other operational storm surge models
that cover the entire Connecticut coast.
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islands.

Measurement of storm surge at these five areas should permit a reasonable
estimation of storm surge at other coastal areas. However, the choice of
these five areas is based on historical statistical studies that minimizes
local varia_tiohs and differences associated with individual storms. To determine
just how extensive local variations in storm surge may be, it is suggested
that, in addition to establishing ‘permanent ‘measurement stations at these
five sites, additional gages be placed at eritical points along the coast
for temporary‘ periods. These temporary stations can be used to correlate
storm sufge at intérmediate locations with adjacent permanent stations2,
To account for seasonal variations, these temporary stations should remain

in place at least one year.

5.2.2  Waves
Two major options are available for the placement of wave gages:

a) Wave gages may be placed in.deep water offshore, beyond the zone of
major -shoaling. Data from offshore gages, although not specific to
any single location, can then used in a wave model (including wave
refraction, diffraction, reflection) to obtain wave estimates closer
to shore. As discussed in Appendix B, the ability of models to shoal
waves aceurately is limited, and if the wave data are sufficiently
far offshore that wave generation continues between the gaging site
and the shore location, the shoaled wave estimates will be incorrect.
The primary advantage of offshore gages is that a few gages can be
used as representative of a large section of coastline.

(2) Wave gages can be placed very close to shore, such that the waves
measured are those that impinge directly onto the shoreline. The advantage
is that accurate, site-specific information is available for the local
shoreline. The disadvantage is that the wave data cannot be used
for adjacent coastal sites, without expensive and often inaccurate
modeling efforts which estimate offshore waves from the inshore measure-
"ments, then shoaling of these offshore waves into the candidate site.

2This would be siinilar .to NOS procedures of placing temporary, subordinate,
tidal stations at many points along the coast to establish tidal correlations
with its two permanent tidal stations in Connecticut.



Because waves in much of LIS are primarily generated by local winds rather
than offshore swells, and the need for site-specific data, near-shore gage
stations are suggested, even though the wave data may not always be used to
estimate wave action at uxigaged, nearby locations.

From & theoretical standpoint, there is no single optimum spacing of wave
gages along the Connecticut shoreline. Waves will develop differently in
LIS, depending on the wind speed, direction, and orientation of the coastline.
For instance, winds moving along the maximum east-west fetch of LIS will
exhibit large alongshore gradients in the spectral wave characteristics, i.e.,
wave height and peak wave period will grow continuously with distance down
the Sound. Local effects such as sheltering by offshore islands, or refraction
by shoals, will cause significant local variability. This sheltering and
refraction will affect different parts and lengths of the coast according
to wind speed and wind direction.

Optimally, some guidance in locating gage stations would come from previous

studies of waves within LIS, either in situ measurements or numerical modeling.

As is typical for much of the east coast of the United States, little direct
measurement of waves has been made in LIS, and no comprehensive, long-term
monitoring gage records exist. Most records are very short, and of uncertain
quality, and do not warrant use in setting the spacing and location of wave
stations.

Visual observations of waves have been made at a number of locations along
the coast of Connecticut as part of the Beach Erosion Project established
following the Ash Wednesday storm of 1962 (181). These data are of questionable
quality, since visual observations are known to be biased and inexact. Although
these data were examined to try to establish a sound basis for locating gages,
this effort proved unsuccessful. o

Calculation of wave development in LIS using empirical hindeast techniques
suggests that at a minimum t_hree wave gages should be located along the shore.

In th_e eastern part of the Sound, waves are nearly those of the more open

coastal waters of the Atlantic. . Further west, in the middle regions of LIS,
the waves become more typical of a sheltered embayment, while to the far west,

il O By =N
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the waves are almost entirely shallow-water, locally generated waves.

The combination. of the alongshore gradients in wave action and the complex

. hearshore bathymetry results in & recommendation to place three bermanent

wave gages al_bng the Connecticut shdreline.

4} . Eas.tetn_(lﬂnnes:tmub One gage should be located in the eastern part
of the sound, along a section of shoreline exposed to both locally-

_generated waves and more distantly generated ocean swell (but outside
“the immediate influence of Flsher's Island.’ :

2) Mid-State. Another gage is suggested near mid-state, offshore of
New Haven. Waves in this area are predominantly locally generated
within the Sound, having a large fetch during both westerly and easterly
winds. “Although somewhat sheltered from westerly winds by the shoals
off Bridgeport, it is exposed fully to the brunt of an easterly wind.

3) . Western Connecticut. Another gage should be located near Stamford
or Greenwich. This location is representative of mueh of the western -
part of the State, with its crenulated shoreline, and variable offshore
bathymetry. This area is subject to only a minor westerly fetch,
but the long easterly fetch could potentially generate large waves.

Because of local topograbhy and offshore iSlapds, these three sites will
not be representative of all shore ‘poi'nt,s. For example, they will not permit
determination of wave action in Fisher's Island Sound. Because the communities
in. this reach of coastline»(Stonington, Groton,.' New Lohdon, Waterford,‘ and
East Lyme) have few structures in the V-Zone (refer to Table 2.4), absence
of a wave gage here is not critical. A permanent gage can be added in this
area later if needed. To determine if additional pe'rma‘r.lent géges are needed
and to attempt statistical correlation of wave . behavior between the sites
with permanent gages and nearby ungaged sites, it is recommended that two
additional wave gages be used to temporarily measure sites at various locations
along the coast. Because wave climate during a v'ariety ‘of weather conditions
is desired, and to reduce installatioh and removal costs,‘it is recommended
that the roving wave gage statlons remain at each temporary location for at

least two years.

Based on the design criteria given in Section 5.1 and the recommendations



for number and location of gages in Section 5.2, this section describes several
alternative network designs. Network designs which are ASERT compatible are
presented, as required by the initial study objecfives. However, since these
designs must either omit or compromise wave data (or compromise reliébjlity
of the ASERT system), other network designs are also presented. One set of

alternatives involves a wave network separate from the ASEKT compétible storm

surge network. Another alternative describes & network totally independent’

of ASERT. The major alternative network designs, with possible variations
on each, are described below and summarized in Table 5.1.

Cost estimates for equipment, software development and installation are
provided for each alternative describéd. These estimates must‘ be used with
great caution. Although several vendors were contacted for cost estimates,
most were reluctant to provide estimates without a detailed set of specifications.
Those estimates provided by vendors were not always comparable because they
made varying assumptions regarding instrumentation needs. Some vendors provided
estimates for a complete monitoring network, while others provided only costs
of individual c'ompo'nents.' Costs of similar equipment can vary greatly depending
upon quality and Jdesign standards. The equipment cost estimates in this report
were develbbed by the contractor based on information provided by vendors
and past experiénée with vendors and equipment at WHOI and elsewhere. The
estimates should be considered more as relative values than as absolute cost
estimates. '

Similarily, cost estimates for installation are approximate, and should

beA considered relative rather than absolute. Installation costs do not include

surveying to establish reference elevations.

GENERAL DESCRIPTION An ASERT compatible ne_twbrk ‘that measures tidal movement
and storm surge can be established that relies heavily on use of existing

recording tide stations.

! ; , ,
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Station Locations For this network, five permanent and two temporary "roving"
stations are recommended (Figure 5.1). »
EXISTING STATIONS

1) NOS station in the Thames River at New London,

@) USGS/DEP station at Saybrook Breakwater at the mouth of the Connecticut
River. , '

3) NOS station in Bridgeport Harbor.

4) COE/USGS station in Stemford Harbor.
' NEW STATION

6G) New Haven Harbor. A new station would be located at the West Breakwater
at the entrance to New Haven Harbor.

ROVING STATIONS

(6) At sites to be selected
(7) At sites to be selected
Station Description Eaeh station would be equipped with water level and

meteorological sensors (wind speed and direction; barometric pressure). Water
level (stillwater) would be determined and transmitted at 5, 6, or 15 minute
intervals3, and meteoi‘ological data would be transmitted on an event basis.
Each station would be'equipped with ASERT compatible encoding and radio trans-
mission instruments. '

At the four existing stations, the transmitter and other instrumentation
would be located within the existing instrument housing (NOS instrument housing
at New London and Bridgeport; Coast Guard lighthouse at Old Saybrook; and
COE Hurricane Barrier offices at Stamford). For the new station at New Haven
Herbor, instrumentation would be housed in a Coast Guard lighthouse tower
located on the breakwater. The antenne and meteorological instrumentation
could be mounted to the tower. Commercial power is available.

3A measurement frequency of once every six minutes (10/hour; 125/tidal cycle)
would be compatible with NOS stations, A measurement frequency of once every
15 minutes (4/hour; 60/tidal cyele) would be compatible with the USGS maintained
stations. Existing USGS equipment would permit sampling frequency at the
USGS stations to be increased to every five minutes (12/hour; 150/tidal eycle)
(38), which would permit improved graphic display of tide levels.
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A good quality strain gage pressure sensor is recommended for water level
measurements?, The pressure sensor would be placed on the ocean bottom, approx-
imately 100 feet beyond the south edge of the breakwater. The suggested mounting
for the sensor is a steel pipe tripod, with concrete weights. Cable from
the sensor should be buried in the sediment and secured against the breakwater.
(182,183)'Figuré 5.2 illustrates a typical installation.

Data Transmission and Processing Data would be telemetered by VHF radio

to the existing base stations in Hartford and Bloomfield. It is anticipated
that radio signals from all stations could reach the base stations with existing
ASERT repeaters, as shown in Figure 5.39, New repeaters would be installed
if required to get a signal through to the base stations.

Received data could be processed by the existing Enhanced ALERT software
{61). Stillwater levels could be treated similar to stream level datab,
It is recommended, however, that a new software module be developed for the
Enhanced AL_ERT software to process the tide and storm surge data. This module
would include _predieted tide levels for each station using NOS data (Stamford,
Bridgeport and New London) or NOS procedures for determining tide levels (Old
Saybrook and New Haven stations) by cor,relétion with the New London or Bridgeport
stations. Programming shbuld include triggering an audible alarm whenever
actual water levels exceed predicted tide levels by a specified amount (such
as one or two feet). A graphic display, as well as tabulations, of predicted
vs, actual water levels should also be included. Costs of developing this
module are estimated at $5,000 to $10,000 (assume $8,000). Archiving of processed
data would depend on procedures developed for archiving data from the ASERT
system. These procedures have not yet been finalized (184).

4The accut-acy' required from a top-of-the-line strain gage pressure sensor
or quartz -pressure sensor is not essential for stations used to measure only
tide and storm surge. ' :

9This configuratio'n for signal transmission is based on information from topo-
graphic maps. No field checks have been made to ¢onfirm signal transmission.

6See for example, Figure 4.9, which is a printout of water level data from
a tide gage in San Francisco Bay, prepared with the Enhanced ALERT software
(61). :
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DIPOLE ANTENNA

WEATHER-TIGHT ELECTRONICS BOX
‘ T
<~—_STEEL TOWER

Ay ——pPier 20’

TRIPOD MOUNT

——

‘FIGURE 5.2: Typical Gage station Installation
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ALTERNATIVE DESIGNS

mum_mmnammmunmﬂu:a One salternative

maximizes the use of existing instrumentation at the four recording tide stations
which would be incorporated in the system. Presently, these stations "employ
either bubbler gages or float gages. These same gages could continue to be
used by installing a mechanical drive to interface the gage with an ASERT
compatible transmitter. The new gage station at New Haven Harbor and the
two roving gages would employ a pressure transducer gage as recomme_nded‘ abbve.
These gages would require an analog connector to an ASERT compatible transmitter

(176).

- Equipment costs for existing stations are estimated at approximately $5,000
each, including interface units, transmitter, back-up  power supbly, cable
and antenna, and meteorologieal sensors with econditioning electronies and
cable. Costs for new stations (permanent and roving7) are estimated at approx-
1mate1y $6, 500 each, including the above eqmpment plus a pressure gage, gage
mounting, and underwater cable. Total equlpment cost for the 5 permanent
and 2 roving gage stations in this optlon is approx1mately $39,500. 'Including
software costs, the total equlpment ‘cost of this optlon is approximately $47,500. |
Installation costs would be approximately $3,500. ‘

unmmmmmmuwmw A second alternative is to repléce
the existing water level sensors with new pressure transducers8, Each station
would be equivalent to the new stations described in Alternative 1-a, with
equipment costs of about $6,500/ station, and a total equipment cost for the
seven stations of about $45,500. -Ineluding softwére,’ total equipment ’cost‘

"Does not include costs of instrument housing for roving stations, since the
location of these gage stations has not been selected and the possible availability
of existing lnstrument housmg is unknown. .

8Replncement of existing equipment will require approvals and coordination
with the agencies that own the tide stations. Agreements will have to be
reached with NOS for the New London and Bridgeport gages, COE and USGS for -
the Stamford gage, and USGS for the gage at Old Saybrook. Agreements will
also have to be reached with these same agencies for adding interfaces to
the existing gages, and adding the additional meteorological and transmitting
equipment. ’ : '
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of this alternative is about $53,500. Installation is estimated at about
$5,000.

GEHEEAL_HEIW_QRK_DES_CRIHIQH The addition of wave measurements requires modifi-
cations to gagé station locations, samplitig sensors, field station data processing,
data transmission, and data processing. This section describes these changes
as they would apply to an ASERT compatible network.

Station Locations If wave measurements are added to the monitoring network,
a new station must be added at Stamford Barbor (the existing station in S.tamford
Hearbor would ’be dropped from the network)9, and the sensor at the Old Saybrook
station relocated. The new Stamford station would be located on the West
Breakwater at the entrance to Stamford Harbor. Installation would be similar
to the New Haven station, utilizing an existing Coast Guard lighthouse tower
and mounting a pressure sensor on the ocean bottom off the south (open water)
side of the breakwater. (182,183) The Old Saybrook station presently has
a bubbler gage located on the pro‘tected side of the breakwater (30). The
bubbler gage would be replacedl® with a pressure sensor and relocated to the
open water side of the breakwater. Figure 5.4 shows the location of this
monitoring network.

Instrumentatiop Collection of wave data requires a higher quality pressure
sensor than is needed for tide and storm surge measurements. A top-of-the-
line strain gage pressure sensor or quartz pressure sensor is recommended.
Wave data also requires more complex conditioning electroniecs at the field
station in order to handle the burst samplings required for wave spectral
date in addition to averaged data for stillwater levels.

To obtain the most complete information, wave directional spectra could
also be measured. This would require the installation of wave gage arrays

9The ‘existing station at the Hurricane Barrier in Stamford Harbor could also
be included in the network, but two stations in the same area are not necessary,
and for purposes of network design and cost estimating it is not included.

10The bubbler gbage could be kept in operation if désired.
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(three or four gages at one station) or wave gages with built-in wave direction
measurement instrumentation. Because ASERT poses limitations on wave data,
the designs for an ASERT compatible wave network assumes wave gages without
directional capability.

o ing The ASERT system wes not designed to

handle wave information, and there are no existing installations using ASERT/ALERT
type systems that collect wave data. Nonetheless, it would be possible to
develop a wave monitoring network utilizing the ASERT system, providing certain
compromises in data and/or system quality can be tolerafed.

The principal limitation of the  ASERT ‘system‘ to. collecting wave data is
the event reporting feature. ASERT/ALERT includes both event and timed reporting.
Relative humidity, temperature, and soil moisture are transmitted on a timed
basis (currently set at once every six hours). Eaech relative humidity, tempera-
ture, and soil moisture sensor at all field stations is set to transmit at
a predetvermined‘_time, with each sensor transmitting at a different time to
avoid signal interference and loss of data. (67)

Precipitation, streamflow, and wind speed and direction are transmitted
on an event basis (data transmitted only when a reading differs from a previous
reading by a predetermined value). Because event reported data is transmitted
at random times, signal interference may occur at either a repeater station
or a base station. Statistically, the short transmission time (about 1/4
second) for each signal will result in very few lost units of data, even for
a network with many more sensors that ASERT/ALERT presently has. During storm
events, with strong winds, heavy precipitation and rapid increases in streamflow,
the number of data units lost due to signal interfe;'ence may significantly
increase. However, signal coding and data processing; procedures permit all
signals (received or lost) to be accumulated. Therefore, total precipitation
and stream level increase can still be determined, as well as the rate of
occurrence, and little or no loss of significant date occurs. Similarly,
tide and storm surge data would be accumulated, and loss of some individual
data units would not be critical.
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Wave data presents at least three serious conflicts with the ASERT system. .
First, any loss of wave spectral data would mean total loss of useful data
for that sample. Each sample of wave data is largely independent of others
and is not sccumulated like rainfall or even storm surge. Second, wave data
requires a much longer transmission time than other information on the system.
Third, wave data is normally not ‘collected with great frequency (usually only
once every 3 to 6 hours), but durlng storm periods, an increase in frequency
of measurement is desirable. ASERT has only one-way communications, making
a change 1n sampling frequency impossible (except by changmg at the field
site, which is not very practlcable) ’

Any design‘ that adds wave measuréments to the ASERT system will require
a new software module for the Enhanced ALERT software. Costs for writing
this wave module would vary depending on the type of wave data received at
the base station and the form of display desired. For cost estimating purposes,
a software development cost of $25,000 is assumed.

Simplified wave date: Alternative 2-a " One way to utilize the ASERT system

is to collect simplified v(i‘ave data. Conditioning electronics at gage stations

could be programmed “to sample waves in a different manner than- is normally

done. For example, the average wave height and wave period over & given period
of time could be mathematically determined. Transmission of this simplified
data would require about the same time (less tha'n'i/il second) as ‘other' data
transmissions on the ASERT/ALERT system, reducing chances of interference.
Loss of a data.unit would still mean total loss of wave information for that
time period.

Costs for this alternative are estimated at about $10,000/station for a

~ total equipment cost of about $70,000, ‘Includ.ing software costs, this alternative

would total about $95,000. Installation costs are estimated at about $5,000.

ELﬂLsiﬂmn_nmnesmng_of_meﬂmme_ALtemaimﬂ_Z:b Another
procedure (Alternative 2-b) for including wave data on the ASERT system
would be to collect the full wave spectra data, but instead of transmitting
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the full data stréam, the data could be processed at the field site. Transmital
| of processed data would 'req_uire a much shorter transmission time, reducing
chances of interférence. To verify accuracy of the data, some portion (1/8th)
of the raw data should also be transmitted. Because the data would be processed
at the field statioh, raw data would not be archived for reseax:ch purpose.
Data transmissions experiencing interference would still be completely lost,
and the transmission time would be longer than other-ASERT/ALERT transmissions.

Costs for this alternative would be higher than the previous alternatives
due to the more sophisticated electronics required. An estimate of $12,000/station
is used for a total equipment cost of about $85,000. Including software develop-
ment, this alternative would cost about $110,000. Installation costs are
estimated at about $5,000.

A variation on this procedure (Alternative 2-b.2) would be to collect full
wave spectral data, transmit only significant wave height and significant
wave period (along with stillwater level), and store wave‘spectral data on
‘magnetic tape at the gage station. Several wave measurement systems permit
data storage on rﬂagnetic tape, and custorhizing of the cohditioning electronics
should pérmit tape storage as well as radio transmission of stillwater level
and wave height and period. No information was received on a wave gage collec-
tion/storage/transmission unit that performs according to this description,
but customizing of existing units should make this configuration possible.
Storage of weave spectral data on magnetic tape for periodic retrieval would
not adversely affect the flood monit‘oring network. Spectral data are pi-imarily
useful for research and des1gn purposes, which do not normally requu'e real-
time data.

Costs for this alternative are estimated at about $15,000/station, for

a total equipment cost of about $105,000. Software development should be
less since only water level, wave height and wave period will be provided,
and is estimated at $8, 000 for a total cost of $113 000. Installation costs
would also be about $5,000.

Frequent Sampling. Rate/Multiple Transmissions: Alternative 2-¢ Still another

procedure to enable wave data to be included on the ASERT system is to increase
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the samplihg rate or to provide multiple transmissions of the same wave sample.
Either procedure to reduce ‘the consequences of lost data units creates additional
problems by providing unnecessary data for processing and/or archiving, and
increasing the number of data transmissions, thereby increasing the overall

rate of interference.

Costs should be about the same as Alternative 2-b.1: $85,000 for equipment
and $25,000 for software for a total cost of $110,000. Installation costs
would be about $5,000. |

Wave deta is highly desirable for both flood warning and other purposes,
but most alternatives for including wave measurements on the ASERT system
require substantial compromises in either the quality of the wave ‘data or
the overall reliability of the ASERT system. Therefore, another alternative

was - explored that would provide wave data and still be partially conipatibl_e

with the ASERT system. This alternative requires two separate monitoring
networks: an ASERT compatible tide and storm surge network, and a wave network.
Three options are presented. '

mnwm&mmmm- 'Each option would include an ASERT compatible
tide and storm surge network consisting of only two stations: New London
and Bridgeport. If these two Stations are equipped with pressure sensors,
the cost for . this portion of each eption would be about'$13,000, plus “$8,000
for software development, for a subtotal of $21,000. The wave network in
each option would include permanent stations at Stamford Harbor Breakwater,
New Haven Hartior Br'eal;wat‘er, and Old Saybrook Breakwater, and two roving stations.

o

One-Way Communications System: Alternative3-a A seperete one-way communi-
cations system could be established whiech would include new repeater stations
(possibly at the same sites as ASERT repeaters), ‘a new decoder/receiver unit
at the base station, and additional radio frequencies. This separate network
would enable transmission of wave data timed to avoid interference among the
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different gage stations.

Each wave gage station, including pressure sensors with all electronic
conditioning to collect water level and wave deta, transmitter, antenna, cables,
meteorological sensors and backup power supply could range from about $12,000
to more than $30,000 depending upon the specific equipment and whether or
not directional wave gages are selected. Repeaters for this system could
range between $7,000 and $11,000, and a receivér/decoder would be approximately
$6,000. For comparative purposes (assuming three repeaters are needed), assume
a cost of $130,000 for non-directional wave stations and $180,000 for directional
wave stations (directional gages; not arrays). The total for both networks
(surge and wave) would range from about $150,000 to $200,000. Installation
costs are estimated at about $8,000.

- icati : i - Installation of a two-way
communications system would permit operators at the central receiving station

to reprogram wave gages to increase or decrease sampling frequency as desired.

This would permit maximum utilization of the wave network during storms.
Costs for this wave network could range from about $250,000 for non-directional
wave stations to $300,000 for wave directional stations (directional gages;
not arrays). The total for both networks would range from about $270,000
to $320,000. Installations costs are estimated at about $10,000. The toteal
for both networks could be as much as $340,000. '

“Linkage to S10 Wave Monitoring System: Alternative 3-¢ Another alternative
is for the State of Connecticut not to process wave data itself, but to tie
into the SIO wave data collection network. To establish the linkage with
510, wave data would be transmitted over a separate communications system
(as with Alternatives 3-a and 3-b) to the Hartford base station. Received
data would be routed to a microcomputer (or other microprocessor unit with
buffer memory sufficent to temporarily store data from all wave stations)
which is linked by modem to a dedicated phone line. At preset times, the
SIO computer would initiate a. telephone call to the Hai‘tford_ base station
to receive the most recent data from each wave station and initiate date
processing. Data on significant wave heigh_f, significant wave period and
wave spectra would be available to Connecticut users in a few minutes by calling

Il N O e .
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the SIO computer via a modem connection. Processed data would be published-
monthly by SIO, and additional data processing performed and published annually
(See Figures 5.5 and 5.6).

.Although it was not specifically inv‘estigated, it is probably feasible
to use the existing ASERT computer and a new module to the enhanced ALERT
software to store 'c'llata‘ for SIO prbcessing. Presumably, the. software module
could also extraect water level, significant wave height and significant wave
period data for. immediate input into the ASERT system, while passing spectral
data on to the SIO computer for processing. Equipment costs would be about

- the same as the two previous altemativés, depending upon choice of one-way

or two-way communications, directional wave gages and other variations in
equipment type and quality: ‘

- One-way communications, non-directional wave stations: $130,000
One-way communications, directional wave stations: -$180,000
- Two-way communications, non-directional wave stations: $250,000
- Two~-way communications, directional wave stations: $300,000

Software development costs are assumed to be about $25,000, and installation

. costs wOuld'_rang_é from about $8,000 to $10,000 depending upon whether one-way

or two-way communications were used.

 The principal advantage to joinihg the SIO network is the cost savings .
from having all data processing anc‘_i' archiving handled by SIO (and not having
to develop specialized software, if that option is chosen). Tﬁe annual savings
in data 'pt'ocessing and archiving could be substantial. Another advantage
to the SIO network is that wave data could be easily input to the NWS AFOS
system for distribution to the New York WSFO, Bridgeport and Hartford WSOs,
and other appropriate NWS offices. -

There are, howevér, some di'stinct disadvantages to utilizing the SIO network.
Data must be input and«retri'eyed_ frorh the SIO computer system through telephone
lines and modem links, 'making it somewhat more suséeptible to disruption during
storms (both California and Connecticut storms) than a radio based system,
A major.limitation of the SIO system is that water level (tide and storm surge)‘
is not routinély processed and reported by the system (ASERT sof tware enhancements
may overcome this limitation). Other disadvantages inclade dependenece upon
another or'g'anization for r_naintaining'a sighif_icant portion of the total network; |
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FIGURE 5.5: Examples of Ménthly Wave Data; West Coast Wave
Measurement Network
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access to the data by telephone, including associated telephone charges; and
uncertainty over the costs of participating in the networkll,

2.3.9 Tide, Storm Surge and Wave Measurements: Independent from

The last alternative presented is for a monitoring network that is entirely

independent of ASERT and provides a maximum of information. This network -

would maintain the same station locations as described for alternatives 2,
3, and 412, ‘and use & two-way communications system.' Instead of using the
ASERT base station computer and software, a separate data processing system
would be installedi at the base station., Equipment costs for this network
are estimated at about $425,000, and installation costs at about $15,000.

Depending upon the monitoring network design chosen, the State has several
options and's.ome limitations regarding the' sequence and timing of implementation.
Because of differences in equipment at existing systems and differences in
timing of converting to new equipment, the entire monitoring network probably
cannot be installed with its final configuration immediately. The installation
may néed to proceed over a period of several years in order to coordinate
actions and establish interagency agreements with several federal agencies.
Some tem[iorary' installations may be needed. Following are some suggested

1 Presently, California is the only state making a financiel contribution to
the SIO network. In recent years California has been contributing $50,000/year
and is expected to increase its contribution to $100,000/ year in FY 87. (135)
Certainly, Connecticut would not need to contribute this large an amount,
but an acceptable amount would have to be worked out between the State and
S10 (and probably the COE and State of California).

12 The NOS stations at New London and Bridgeport could be replaced with stations

in the same areas, but in open water to obtain wave measurements along the
shore rather than in the Thames River estuary and Bridgeport Harbor. Locations
for these new stations have not been identified, and ‘ne cost estimates for
this alternative were developed.
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State actions.

(1) Develop a eooperative agreement with the NOS to have the New London

station ineluded in the early group of next generation tide gages
to be installed. Assuming that NOS proceeds with a primary acoustie
gage and a backup pressure gage13, arrangements should be made to
add the pressure gage to the Connecticut flood monitoring network.

2) Develop a V(':ooperatiive agreement with both NOS and NWS to use the NOS
‘gage at Bridgeport Harbor on a temporary basxs until NOS upgrades
this statlon with new gages :

3) Develop an agreement with the Coast Guard for continued use of & gage

station at the Sayboook Breakwater and new gage stations at the New
Haven and Stamford Breakwaters (assuming wave stations are selected).

@) Modify the existing agreement with USGS for operation and maintenance

of the gage station at Old Saybrook to provide for upgrading the sensor
(tide/surge or tide/surge/wave), if that option is chosen, as well
as maintaining the new wave gage stations at New Haven and Stamford.

%) If & tide/storm surge only alternative is selected, develop an agreement
with the COE and USGS for upgrade and/or use of a gage station at
- the Stamford Hurricane Barrier.

- (6) ‘ - Hold discussions with coastal communities, DEP Water Compliance Unit,

UCONN researchers, and Connecticut DOT, Bureau of Waterways to identify
locations that would receive high priority for initial placement of
the two roving gages. Proceed with deployment of the two "roving"
gages. ‘ : '

Getting  tide, storm surge, wave and met‘eorol@gical. data to essential users
is ju‘s't as important as collecting the information. For efficient use of
the monitoring network, three user groups need to receive information in real-
or near real-time: State emergency officials (OCP and CSP), NWS, and officials
of cbastal municipalities. Real-time information would be highly desirable

for at least two additional groups: Coast Guard and various navigation interests,

B There appears to be some uncertainty as to whether NOS will actually install
a backup pressure gage. If not, the Connecticut network could utilize the
acoustlc gage.

My may be necessary or de51rable to have the Connecticut monitoring network
link directly with the NWS telemetry unit (HANDAR Model 540A). _
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own base station and associated software, just as communities are presently

doing for the ALERT system.

In order for commuﬁities to purchase their own base station, costs must
be reasonable and the information must be produced in a format that is easy
to understand and use. If a double network (tide/storm surge network and
wave network) requiring two»different communications systems is selected by
the State, equipment costs for municipalities will increase; antenna(s) and
receiver(s) must be capable of receiving multiple radio frequencieé.

NAVIGATION INTERESTS AND OTHER USERS If tide, storm surge and wave data are
easily available and: reliable, harbor pilots and others involved in shipping
could benefit from real-time data from the coastal monitoring network. Navigation
users could access the information in several ways: .

(1) - Installation of a base station at offices of the different harbor
pilots associations, marinas, ete. Harbor pilots on ships could contact
the association office to obtain current information on water levels
"and wave heights, '

@) Use of a remote terminal (modem with printout or display) at the pilots
offices, marinas and other locations to access data from the Hartford
base station by telephone, and relay to shipboard users. If the Hartford
base station were equipped with a voice synthesizer, information could
be accessed by telephone without need for a remote terminal.

(3) In the near future products should be available to permit shipboard
use of a remote terminal (modem with printout or display) or portable
computer with modem to access information from the Hartford base station
via cellular telephone. Cellular telephone coverage now includes
the entire Connecticut coast except the Groton/Stonington area, which
should be added during 1986. (180)

Constant or periodic exposure of equipment to saltwater or saltwater spray
promotes rapid corrosion. Equipment can degrade rapidly under these conditions.
As a consequence, the coastal flood monitoring network must be maintained

with care and diligence.

B E I N B = T.
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There are many possibilities for weak links in marine systems, and care
must be taken to eliminate these weak 1inks. For example, lack of care in
mating cables, or in selection of nuts, bolts, ete.,, can result in extensive
repair costs. Attention to suech detail during design and installation can -
minimize the maintenance requirements of the system.  Thus, in accepting any
components'related to the coastal monitoring network, emphasis must be placed
on durability, ability to withstand large waves and high weater, and resistance
to corrosion. = Although a tentative maintenance schedule is presented for
c'onsid'eration with this report, final maintenance procedures will be a function
of produet reliability, construction techniques, and care during installation.

A complete and active maintenance program needs to be developed and rigorously
adhered to. - It is recommended that one individual be assigned responsibility

for the maintenance program. This will- provide continuity in the maintenance

program, and build femiliarity with the system. Similarly, it is recommended
that the individual(s) assigned to the maintenance team(s) be given long-term
assignments or contracts.

A trouble-shooting sequence should be established by either the State or
a cdntractor,_to facilitate rapid iselatien of any system modules causing
a problem. For example, a procedure should be mapped that will allow discrimina-
tion between problems caused at a gaging station, versus those caused at a
repeater_, versus those caused at a base station. - Office tests may help isolate
the module at a remote site which is in need of repéir, thereby minimizing
field testing at remote sites. This type of discrimination is necessary to
reduce the time required of field erews, ti'a'ining of field erews in the electronic,
communications and mechanical aspects of the system, and to reduce system
down time. Spare modules can be purchased to allow rapid correctlon of problems,
with the suspect modules later replaced or repaired. '

Inspection teams should accomplish minor repairs "(i-epairs faki'n’g less than
one hour, not requiring major pieées of equipment, nor requiring special skills)
during regular inspeétions. Each team should have with them a tool and spare-
parts box with essential equipment "ne‘e'ded to accomplish minor repairs.
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especially shippers and harbor pilots.

STATE EMERGENCY OFFICIALS The ASERT base station is presently located in
the offices of the DEP Water Resources Unit in the State Office Building.

The two State Warning Points, OCP and CSP, do not presently have direct access
to the ASERTlsystem. To ensure proper coordination among all State emergency
officials, local officials and NWS offices during times of potential flooding,
it is importani that both OCP and CSP have direct access to resl-time data
on coastal (and riverine) flooding. The radio signals which reach the State
Office Building should also reach both OCP and CSP, which are in the same
vieinity. Therefore, it is suggested that both OCP and CSP aequire their
own base stations.

NATIONAL WEATHER SERVICE The essential NWS stations are the New York WSFO
and the Bridgeport and Hartford WSOs. One option would be for each of these

offices to install their own base station and receive data directly by radio
transmission, just as the NERFC office in Bloomfield now does. However, it
may not be pbssible for the New York WSFO to receive ASERT radio signals from
Connecticut due to interference from many other more powerful signals in New
York City (185). It would also be highly desirable for the National Meteorological
Center in Silver Springs, MD and the National Hurricane Center in Coral Gables,
FL to also receive real-time data from the Connecticut coastal monitoring
network. To do so, the information needs to be added to the NWS AFOS system,
which all of the concerned NWS offices have. The AFOS system is apparently
being used to ecapacity, and specific authorization must be obtained to input
additional information to the system. It is also not clear just how ASERT
data would be entered into AFOS. (32,36,68,185,186) Clearly, some automated
procedure is needed. The most logical entry point appears to be the NERFC
in Bloomfiéld or the Hartford WSO at Bradley Field, Windsor Locks. The State
and NWS need to pursue the authorization and procedures for getting ASERT
data into the NWS AFOS system. '

MUNICIPAL QFFICIALS Municipal officials who wish to use the coastal monitoring
network to obtain detailed, geog‘raphie specific information on actual storm
surge and wave levels must also have direct access to the ASERT system, . The
most efficient procedure appears to be for local communities to purchase their
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For all inspections proc’edures'described below, a written report should
be prepared immediately by the maintenance team and submitted to the program
manager, including any repairs or maintenance performed by the team and any
problems noted that require further attention. The program manager should
evaluate these reports and arrange for immediate repair or replacement of
equipment, as needed. ' '

A matrix of maintenance procedures is presented as Table 5.2.. Each aspect
of the four maintenance procedures is discussed below. ' ‘

MAINTENANCE PROCEDURE ] All data should be monitored carefully by the Prograrﬁ
Manager to detect any hardware-related problems. Any problems identified
can be evaluated more carefully during monthly on-site inspections.

All above-water portions of the system should be inspected visually each
month. - All hardware should be. inspe_cted for structural damage and corrosion.
Connectors and mating parts should be verified for 'stability, and clamping
hardware should be checked for tightneés and integrity. Corrosion of metal
materials must be identified and arrested early to avoid catdstrophic failures.
If any demage or decay is noted, prompt action should be taken to avoid later
failures that could result in extensive down time., Records should be kept
to document & history of failures and cOrroding parts. '

The ren'lo":te backup power supply should be tested at this time. Magnitude
of charge and integrity of charging circuitry should be evaluated. If necessary,
the battery can be cycled during- this inspection. ' '

Clocks should be l_'ieset' and synchronized, using a portablé master clock
or radio receiver.’ A log of clock errors should be kept at'each station to
permit a history of clock behavior. Excessive drift or decay of the accuracy
of the time base can be used to indicate need for cloek replacement or modifica-
tion, ' ‘
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The inspection should be fairly rapid, taking approximately 1.0 to 1.5
hours if no defeets are detected. Repairs of any extensive nature might be
better made during a return visit, following approval by the Program Manager.

MAINTENANCE PROCEDURE 2 Maintenance procedure 2 is a complete visual check
and servicingbof all underwater components. This maintenance must be done
by diving teams familiar with the operation, unless some deployment scheme
is devised whereby divers are not required. Divers can initiate inspections
from the shore or a small boat, traveling between sites over land.

Crews making these checks of underwater components must be familiar with
corrosion problems and common modes of underwater failures., All connectors,
penetrators, splices and other fastenings and joints should be inspected.
Marine fouling should be removed mechanically, and anti-biofouling paints
or coatings should be applied if possible.. All zinc anodes should be replaced,
and the installation inspected for points of weakness, from both a structural
and a corrosion standpoint. Cable condition should be assessed, and the strain
relief examined for security. Any breaks, kinks, or other damage to the cable
should be noted for proper action.

The extent of scouring and undermining of the underwater mounting should
be determined. Is the tripod sinking or scouring, or is the pipe becoming
too exposed? The pressure sensor should be inspected, noting corrosion or
pitting. Pressure sensor ports should be cleaned, and filled with oil (if
applicable)._ Any problems in these components should be attended to immediately.

MAINIEHAHQE_EBQQEM Mgaintenance procedure 3 includes a close visual inspection
of the eleectronics at the remote site, measurement of output signel strengths,
and general evaluation of all above-water electronic components. ‘Parts with
known limited lifetime should be replaced. All antenna fastening and structural
bracing should be inspécte_;d and replaced if damagé or decay is severe. The
power backup system should be inspected and serviced completely (water level
in batteries adjusted, operation of power back-up should be noted when unit
is powered down, then up, and condition of terminals noted before cleaning
terminals). |
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The weather-tight housing should be inspected for weak points or decay.

Al time-keeping circuits should be reset, and any manufacturer_suggested
. electronic tests of encoding/decoding and telemetry products should be performed

at this time. Signal strength measurements of telemetry power output and
receiver sen51t1v1ty should be in accordance with manufacturer speclflcatlons.
Any problems should be tended to immediately.

MAINTENANCE PROCEDURE4 Maintenance procedure 4 involves complete reeonditioning
of all underwater components (with the exception of the cable, which should

be left buried as long as it is working properly). It should be accomplished
from sea on a diver support vessel that has enough enclosed space to t-efit
hardware onto new tripods-inside the vessel as it travels to the next site.
The vessel must have sufficient lifting capability to retrieve and deploy
tripods with instruments. To accomplish this reconditioning, all underwater
componenets except cable should be retrieved, and replaced by completely recon-
ditioned components. The tripod or mounting pipe should be replaced by a
cleah, newly conditioned one with anti—fouling added, the strain termmatlon
should be replaced, and the pressure sensor calibrated thoroughly.

At this time a thorough evaluation of the installation and maintenance
procedures should be made. Weak points should be identified, and cox‘rected.
An evaluation of the long-term potential for decay or corrosion is useful
at this point. Should any components be redesigned to allow better performance
or wear? Should any element of the mamtenanee procedure be changed? '

The exact maintenance costs will depend upon the specific monitoring network
chosen by the State. The cost estimates shown in Tabel 5.3 are only approx1ma—
tions, based on the above mamtenance procedures . for 7 gage mstallatlons,
2 repeaters, and 2 base stations. Only maintenance which dlrectly concerns
the electronic components of the monitoring network is mcluded- it does not
include activities necessary to maintain the piers, buildings,or grounds that
are used as a platform for the network.
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TIME BETWEEN MAINTENANCE

STATION ' 1 _Month 1 Year % Years

All coastal MP-1 MP-2,3 MP 4
gage stations

Repeaters ' MP-1 MP-3 —
Receivers _. MP-1 MP-3 —

Note: MP = maintenance procedure, see text. These procedures are suggested
to assure high data quality.  They should be updated in consultation with
the equipment manufacturer and installer.

TABLE 5.2: SAMPLE MAINTENANCE SCHEDULE

Maintenance Costs/Month  Costs/Year Expendable One-Time
_ : Parts & Equip Equipment
Procedure _ Per Y
Surface Maintenance
MP-1. , $ 800 $9,600
, $ 500(1) $5,000(2)
MP-3 - 1,600 -
Underwater Maintenance
MP-2 | - 3,000 500(1) -
MP-4 : . - 4,000(3) : 600(4) 5,000(5)

(20,000/5 years) (3,000/5 years)
. TOTALS $18,200 $4,000 $10,000

(1) Miscellaneous spare parts such as clamps, nuts, bolts, paint, ete.

(2) Field testing equipment

(3) Includes rental of diving vessel

(4) Includes replacement parts and recondltmmng of parts

(5) Includes replacement parts such as pressure cases, pressure sensor,
ete.

TABLE 5.3: ESTIMATED MAINTENANCE COSTS
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Evaluation of the information presented in the previdus sections resulted
in four general conclusions and related recommendtions regarding the most
favorable design for a coastal flood monitoring’ network snd the feasibility
of a State forecast and warning system. Each of these . general conclusions
and recommendatms, along with addltlonal speclf ic conclusions and recommendtlons

are detailed in this secton.

o CONCLUSION # 1: The present system of collectmg data, preparing forecasts

and 1ssu1ng warnings for coastal storms and floodmg is less than optimal,

One option available to the State is to continue relying upon the existing'
coastal flood monitoring and warning systems, including 1mprovements to the
existing systems and programs that are already underway or planned,

Conclusion # 18: Planned progrem changes by several federal agencies
should result in gradual and limited improvements to the collection of
meteorological and oceanographic data and to issuance of coastal flood
forecasts and warnings.

The most relevant of these planned»improvements‘ are summarized belowl,

(1) Hurricape Preparedness Studies, NWS, FEMA, and the COE will proceed
with their program of Hurricane Preparedness Studies, utilizing results
from the SLOSH model. Information on projected storm surge heights and
areas to be innundated from different categories of storms should be available
for the eastern portions of LIS and the Connecticut shore beginning in
1987, following completion of storm simulations and ‘development of MEOWs
for the Narrangansett/Buzzards Bay SLOSH basin. More detailed delineation
"of storm surge and innundation areas for the entire Connecticut coast should

INo attempt has been made in this report to consider the potential impacts
of possible major cutbacks in federal  program budgets. State officials must
consider these possible impacts in making decisions. - .
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be available sometime after 1987 when studies for the New York/Long Island
Sound SLOSH basin are completed. Once information for these two SLOSH
basins is available, the State and local communities will be able to issue
more precise evacuation notices to coastal residents for hurricenes. '

(2) NWS Reanl-Time Data at Selected Tide Stations. The NWS will proceed
with its program of temporarily upgrading telemetry at selected NOS tide
gage stations, including Bridgeport, CT. Implementation of this program

will increase the speed with which storm surge data is received by NWS

forecast offices in Silver Springs and New York City, thereby enabling
improved forecasts of storm surge for extratropical storms. The availability
of this data should also permit an improvement in the establishment of
boundary conditions for real-time runs of the SLOSH model.

(3) NOS NGWLMS Program. The NOS will probably proceed with its program
of installing a new generation of tide level gages, including the stations

at New London and Bridgeport. Eventually, this information will also be
available to the NWS to help with improved storm surge forecasts. There
is no eclear time schedule for mstallatlon of the new gages, or for use
of the data by the NWS.

Each of the above programs is iikely to proceed w‘ithout any special effort
by the State. However, by being fully aware of these programs and maintaining

or establishing communication with the appropriate federal agency offices

‘and individuals, the State may be able to influence somewhat the time at which
some program actions are"initiated and the degree to which they benefit Connec-
ticut.

Conclusion # 1b: The State can work with federal agencies to maximize
the benefits of federal programs for Connecticut and LIS.

o RECOMMENDATION#1:The State should take an active role in working with
federal agencies to take maximum advantage of existing programs, and especlally
program improvements underway or planned.

Recommendation # 1s:© The State should indicate to the three federal
agencies (NWS, FEMA and COE) involved with Hurricane Preparedness Studies
that it desires to have the Hurricane Preparedness Study for the New York/Long
Island Sound SLOSH basin initiated as soon as possible. Joint action with
the State of New York in requesting a high priority for initiation of this
study should be considered.

Recommendation # 1b: State representatives should inquire with appropriate
NWS officials regarding the specific schedule for installation of the new
NWS telemetry instruments at the Bridgeport WSO, and encourage rapid instal-
lation if it has not yet occurred.
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RECOMMENDATION # 1c: The State should explore further with NOS the
possibility of a cooperative agreement or other arrangement which would
permit early installation of one of the next generation tide level gages
in Connecticut. The New London gage site would be the most logical choice
because of the pending NWS telemetry upgrade at the Bridgeport gage site.

ﬁ.l.aAnhLﬂemenI_QLSImg_QbJsﬂm_Ihmugh_Emﬂmg_ngmm&

Q_Q_nglumg_u_#_lg: Existing systems and programs, even with planned 1mprove—
ments, will not meet all of the State's objectives for better flood warmngs
and reduced losses.

Reliance upon existing systems andvprograms‘ to collect coastal flood date
and to prepare coastal flood foreeasts and warnings bwill require no extraordinary
expenditures by the State, and some improvements over present conditions can
be expected, such as: | ' '

(1) NWS use of near real-time storm surge data from the two NOS stations
in. Connecticut (and other locations outside Connecticut) may result in
small improvements to: .

a., storm surge forecasts for extratropical storms, and

b. storm surge forecasts for hurricanes and tropical storms by providing
improved data for establishment of boundary conditions for the SLOSH
model. B .

(2) The development of MEOWs from SLOSB simulations should significantly .
1mprove the accuracy of evacuation notices for hurricanes.

(3) The availability of near real-time storm surge data from the two NOS
stations in Connecticut could improve the accuracy and timeliness of local
evacuation notices for tropmal and extratrop1cal storms (if NWS includes
actual storm surge elevations in 1ts regular marine weather bulletins and
flood warnings). :

However, even with scheduled xmprovements in federal momtormg and fore-
cast/warning programs, not -all of the State's objectives may be ‘achieved,

(1) There will be no additional data on wave action, and no 1mprovements
in wave forecasts.

(2) The geographlc coverage of storm surge data will not be mcreased-
the number of coastal data statlons will remam the same.

3) Near real-time storm surge data will be av11ab1e only for two locations:
New London and Bndgeport
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o CONCLUSION # 2: To provide better coastal flood warnings and to reduce
flood losses, new programs and substantial improvements to existing programs
beyond those already underway or planned — are needed.

Although improvements to all aspeets of the present system are certainly
possible, not all are equally feasible at the present time, nor will potential
improvements in each area yield equal results in reducing flood losses.

Conclusion # 2a: . Only limited improvements appear feasible to the existing
NWS forecast and warning system for hurricanes and tropical storms. Further,
because hurricane warnings are already conservative (i.e. attempt to warn
of the most severe likely impact), limited improvements will probably have
little effect on reducing flood losses, especially in Connecticut where
the coastal flood zone is relatively small, ’

Conclusion # 2b: Significant improvements appear possible in forecasts
of storm surge in LIS due to extratropical storms.

Conclusion # 2¢: Significant improvements also appear possible in forecasts
of waves in LIS due to extratropical storms and during non-storm condi-
tions..

Conclusion # 2d: Significant improvements in the data base for making
storm surge and wave forecasts is feasible.

Conclusion # 2e: .  Improvements in information needed for local decisionmaking
and actions is feasible by supplementing NWS regional forecasts and warnings
with more precise real-time information for specific geographic areas.

o BEC_QMMEHDATIQN_#_&The State should initiate actions which w111 result
in improved forecasts and warnings. -

B&mmmendalign_#_z.a: State initiatives should enhance the capabilities
of federal agencies to prepare regional forecasts and warning.

Recommendation # 2b: State initiatives should supplement regional federal
regional responsibilities with more detailed information in specifie geographie
areas regarding the extent and timing of anticipated flooding.

Recommendation # 2c: - State initiatives should non duplicate federal

programs and responsibilities,

Bgi:umnmndn.ﬁgn_#_z_d: | The State should not 1ssue information that conflicts

with NWS forecasts and warmngs.



o CONCLUSION # 3: There would be both immediate and long-term'betreflts
from a real-time coastal flood momtormg network established by the State
of Connecticut. o .

A monitoring network would make -possible impr‘oveménts in coastel - flood
forecasts and warnmgs beyond that poss1ble with ex15tmg systems, and would
provide data important for other uses (see Table 1. 1)

0 RECOMMENDATION#3: The State should proceed with development of e real-tune
coastal flood momtormg network

Many alternative monitoring network des1gns are feasxble, each possessing

different capablhnes and costs.

'(1)‘ A monitoring network capable of - prov1d1ng real-time data on tides
. and storm surge (and meteorologlcal parameters) and that is compatxble
with the ASERT system is feasible. .

(2) Collection of real—tlme wave data, while providing important mformatlon
for flood wernings and other uses, would not be totally compatible
with the ASERT system.

. (3) A momtormg‘ network. capable of providing -real-time data on tides,.
storm surge and waves (and meteorological parameters) is feasible,
but would be completely independent of ASERT. '

(4) Costs for a real-time monitoring network would range from approximately
$50,000 for an- ASERT compatible network collecting only tide, storm
surge and meteorological data, to over $400,000 for an independent
network with two-way communications collecting data on. tides, storm
surge, waves and meteorologlcal parameters. '

Recommendation # 3a: - If the State determines that low cost and full
ASERT compatibility are higher priorities than collection of wave data,
it should develop a monitoring network for tide, storm surge, and meteorological
parameters with one-way communications, similar to that described in Alternative
1-b

Recommendation # 3b: If the State determines that cost and ASERT compat-
ibility are not major considerations, but complete wave data is important,
it should develop a monitoring network for tide, storm surge, wave energy
and direction spectra, and meteorological parameters with two—way communica~
tions, similar to Alternative 3b or 4.



Recommendation # 3e: If the State desires to balance costs and system
performance, it should develop a monitoring network for tide, storm surge,
wave energy spectra, and meteorological parameters with one-way communications,
similar to Alternative 2b.2.

Recommendatijon # 3d: Because of the variable quality and type of instru-
mentation available, persons experiencied in oceanographic and meteorological
data collection, transmission and processing should be involved in the
final choice of a vendor and contractor for installation.

Recommendation # 3e: The Committee on Automated Flood Warning should
work with local communities, the research community, federal agencies,
and DEP program offices to identify priority sites for initial installation
of the two recommended roving gages.

Conclusion # 3a: Real-time storm surge, wave, wind, and barometric pressure
data from points along the Connecticut coast would enable NWS forecasters
to improve both forecasts and bulletins of actual weather conditions,

Conclusion # 3b: Geographically specific and accurate information on
actual vs, forecast storm surge and wave heights would permit local officials
and residents to make improved decisions and take appropriate and timely
actions to proteet property from flood losses.

Recommendation # 3f: The State should work with local NWS weather services
offices and the NWS Eastern Region Headquarters at Garden City, NY to arrange
for data from the monitoring network to be input to the NWS AFOS system.

: A base station should be established in the offices
of the two State Warning Points — Office of Civil Preparedness and Connecticut
State . Police. These offices should relay data to the Regional OCP offices
-and municipelities without their own base stations.

- Recommendation # 3h: The Stete should assist local municipalities in
setting up their own base stations and properly interpreting data from
the monitoring network. ' '

Recommendation # 3i: The State should provide a modem connection or

voice synthesizer to a dedicated telephone line(s) to enable users without
a complete base station to obtain data on a call-up basis.

FORECASTS AND WARNINGS FOR STORM SURGE AND WAVES
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o CONCLUSION # 4: A State-run coastal flood forecast and warning system

-- while technically feasible -- does not offer 31gmf1cant advantages
over continued reliance on the NWS,

Conclusion # 4a: Storm surge and wave height foreeasts cannot be aecurately
developed based solely on & local monitoring network.

Coneclusion # 4b: NWS models and proeedures for extratropical storm surge

forecasts and ‘wave forecasts are not state-of-the-art and are not designed

specifically for LIS.

Conclusion # 4c:~ There is no extensive data establishing the accuracy
or inaccuracy of NWS forecasts.

Conpclusion # 4d: ’ Complex matheinatical models utilizing both local and
regional data are needed to aecurately forecast storm surge and waves.

Conclusion # 4e: Development and operation of these models would be
expensive —— more expensive for the State than the NWS because NWS already _
has an operational computerized database.’

Conclusion # 4f: State forecasts, if different from those of NWS, could
create confusion and inaction by local officials and residents during
emergencies.

RECOMMENDATION # 4: Instead of developing its own flood forecast system,
the State should work closely with the NWS and other federal agencies to
improve their ability to provide accurate and timely coastal flood forecasts
for Long Island Sound and the Connecticut coast,

B.gggmmgnﬂafmn_#_{a: The State should request that NWS develop a new
model for forecasting wave heights in Long Island Sound. This should be
a model designed specifically for LIS, accounting for the shallow water
conditions and other factors peculiar to LIS. Ideally this model would
forecast both open water waves and near shore waves, The model would be
utilized by the New York WSFO.

Bgmmmmmxmn_ﬁ_Ab. " The State should request that NWS develop a new
model for forecasting storm surge for extratropical storms in LIS. Ideally
a numerical model specific to LIS could be developed to replace the empirical
model now used by NWS,

Recommendations # 4c: The State should consider seeking cooperation
from Rhode Island and New York State (especially Nassau, Suffolk and West-
chester Countles) when requesting NWS to develop new models. ’

Recommendation # 4d: © The State should work with the New York, Bridgeport
and Hartford weather service offices to ensure that, as soon as data from
the the Connecticut monitoring network are available to NWS in near real-time,
NWS will include the actual as well as forecast storm surge (and wave infor-
mation if available) in its weather forecasts and warnings for marine and
coastal areas.



Recommendations # 4e: The State should also establish a program to monitor,
through the monitoring network and observations, actual storm surge and
wave heights relative to NWS forecasts. In the event that monitoring of
NWS forecasts and warnings should show them to be seriously and consis-
tently inaccurate, then the State could more actively consider developing
its own forecast and warning program.

Bmmm.end&tmn_#_ﬁ The State should work closely with FEMA, NHC and
the COE in preparation of MEOW's and innundation maps for LIS to ensure
the highest accuracy and greatest applicability.

: The SLOSH MEOW's and associated innundation maps
should be evaluated to determine if they can ealso be applied (directly
or modified) for use during extratropical storms.
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APPENDIX A: ASERT SPECIFICATIONS

The statewide automated flood warning system is called ASERT (Automated
State Evaluation in Real Time). The initial phase of the ASERT system is now

‘being installed and should be operational in late 1986. The system consists of 20

automated rain gages, 6 weather stations (including precipitation gages), 6 radio
signal repeaters, and 2 base stations. Each base station includes an antenna,

radio signal receiver, data decoder, microcomputer, ALERT software, and an

umnterruptable power supply backup.

An automated coastal monitoring network that is compatlble with the ASERT
system will rieed to be compatible with and make use of the radio mgnal repeaters
and base station components of the ASERT system. '

The specifications provided on the following pages are taken from two sources:

1. Specifications for remote station transmitters and radio sxgnal repeaters
are taken from the bid specifications prepared by the Connecticut Department

- of Environmental Protection and the Federal Soil Conservation Service in 1984.
Some modifications to these specifications have been made and other
modifications may be made before the system is completely operational.
Because some changes may still occur, no attempt was made to update the bid
specifications to mclude any changes that have been made.

2. Speclflcatlons for the base station components are taken from product'
literature of Sierra Miseco, Ine. which supphed all- major base station
components except for the microcomputer.



MATERIAL SPECIFICATION

'628. TRANSMITTER

.SCOPE

This specification covers the quality of the transmitter for the automated
gages. The transmitter shall transmit data in a format readable by a
Sierra-Misco Model 5051 receiver-decoder.

b)

c)

d)

o)

)
g9)

5)

i)

J)
k)

1)

TRANSMITTER
2)

Sensor input signals are ana\og 0-5V DC signal using digital SPDT
swwtch contacts.

S1gna1 transmitted 1n blnary format consistent with NWS decoding
software.

Transmission time of 230 milliseconds.
Sends 4 digit station ID.

Has 2 digit or greater accumulator (00 to 99) wh1ch s automatically
resettable and counts up and down.

Input channels of 4 digits and 16 analpgs.

'Rechargeab1e gel cell battery to provide adequate power for one

years' operation, If recharging is needed during the year, a solar
panel or AC power, where available, will be used.

- Frequency stability of 0.0005%.
: Operates in a temperature range of -3056 to 60°C,

 Audio distortion of less than 8%.

The transmitter shall have sufficient output to pass the acceptance
test.

Generates 2 test signals every 24 hours.



3.

FREQUENCIES

Repeaters & Gages

Mohawk Mountain
Thomaston
New Milford
Barkhamsted
Norfolk
~Sharon

" Oxford

New Haven
_Stratford
" Oxford

Bethel

~ Southington Mt.

Plainville

Wallingford ‘

Southington (Prec) - .
Sewer Plant

Southington (River)

Southington (Precip) -
New Britian Reservoir

John-Tom Mountain
Mansfield
~ Ellington

Ekonk Mountain
North Stonington

. Plainfield

- Thompson

Plain Hi11 (Norwich)

Salem ,
Lebanon (Bartlett Brook)
Norwich (Precip)
Norwich (River

“Lebanon (Susquetonscut-

Brook)
Lebanon {Deep River)

Mount Parnassus
01d Saybrook
Haddam

Direct to base stations
John-Tom Precip

Receiving

171.875

169,525

171.125

171.850

169.475

171.125

169.525

Transmitting

169.425
171.875

- 171,875

171.875 .
171.875
171.875

171.125
169.525
. 169.525
169.525
169.525

169.425
171,125
171.125

171.125
171.125

171.125
169.425

171.850
171.850

. 171.850

169.475
169.475
169.475

169.475

- 171,125

171.125
171.125
171.125

171.125
171.125
171.850
169.525
169.525

169.425



GENERAL

a) Moisture protectéd electronics located below ground.

b) Transmission at 300 baud consisting of four ten-bit words, including
start and stop bits. Transmission interval of less than one-quarter
second. This shall include transmitter warm-up period suitable for
operation through a minimum of two radio relays.

c) Data transmission shall utilize binary format cons1stent with NWS

~ decoding software - see attachment.

d) An integral programmable clock which triggers regular check signals
for verification of system operation.

e) An automatic regulator which prevents a transmitter from remaining
on.

f) Modular components capable of field swapping.

g) A selectable station ID on the electronic package. -

h) Integration of the electronics and poﬁer supply into a single
portable package weighing not more than 15 pounds, which is water
resistant and will float in the base of the gage if it becomes
flooded.

i) A carryihg handle on the electronics package designed td'allow
fastening of the 1ifting rope without blocking hand entry.

i)

A1l transmitters shall comply with FCC type acceptance criteria.
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vSCOPE

A-5
MATERIAL SPECIFICATION

622. REPEATERS

SCOPE’

This specification covers the qual1ty of the self-contained automated
repeater.

* VHF RECEIVER

a) ADC rechargeable, gel cell battery to provide adequate power for
one year's operation. If recharging is needed during the year,
AC power will be available for trickle charging.

.b) Sensitivity of 12d8 SINAD 0.35 microvolts and 20 dB quieting 0.50

microvolts.
c) Frequency stability .of 0.0005% from -30°C to 50°C.
d) .Modulation acceptance of 7KHz.

e)  3.0dB ga1n VHF omnidirectional receiving antenna.

f)‘ Antenna input 1mpedance of 50 ohms.
_VHF_TRANSMITTER

a)'yeA'DC rechargeable gel cell battery to provide adequate power for
. one year's operation. If recharging is needed during the year,
"~ AC power will be available for trickle charging.
b) Frequency stability of +0,0005% from -30°C to 60°C.

c) 7 dB Directional antenna except at Plain Hill which shall be a 3 db
Omni directional antenna. _

d) . Power'output shall be ct least 25 watts.

GENERAL

a) All connections and tow loss coax cables, as well as side mount
hardware where needed, necessary to receive and transmit the
required signal. ATl moUnting hardware shall be stainless steel.

b) Time to receive and retransmit signal shal] be 1ess than
20 milliseconds. : .

625, RADIQO FREQUENCY FILTER

This specification covers the quality of the radio frequency filter at
the repeater sites.

FILTER

A Decibel Products DB4002-2B (or equivalent) bandpass filter with an
overall insertion loss of 1 dB or less to the transmitter R.F, output.



ANTENNA

DB224 VHF-OMNI 6 DB
Size: Length Approx. 20 Ft., Width 1°: Ft.

Model 5051R/D

RECEIVER/DECODER

GENERAL DESCRIPTION

The Model 5051R/D Receiver Decoder receives transmitted data from field
transmitters or repeater stations, decodes the data and provides an RS232C
output for computer input. The receiver and decoder are separated into twe
units so that the receiver can be located near the antenna tower and the decoder
can be located in the central office near the computer. This reduces the amount
.of coaxial cable needed, minimizing the signal lost, and increases the strength
of the received signal. The receiver/decoder is supplied with 15 feet of intercon-

necting cable. .

The receiver is operated by 12Vdc battery or 110Vac. A trickle charger is
included for a 12V battery. To eliminate the loss of data during power outages,
Sierra-Misco recommends the use of a battery for stand by power. The decoder
may also be battery operated however, when aUPS is included for the computer

it is normally operated by 110Vac and is backed up by the computer's UPS.

" The base station receiver should be used with a high gain omni receive

360 Degrees

Bracket for 2. top mounting. side mounting availabie

antenna. This will increase the incoming signai strength for remote sites which

. have marginai radio paths.

RECEIVER FEATURES

» Low power consumption

s Entirely automatic during operation, requires no manual
supervision

» No external controls are available for people to touch and get
the system out of adjustment

SPECIFICATIONS

Receiver:
VHF Frequency Range: 135-174 Mhz
UHF Frequency Range: 400-512 Mhz
Sensitivity: 0.25 Microvolts Min. (12 dB Sinad)
0.35 Microvolts Min. (20 dB Quieting)
Freguency Stability: +.001% (-30 to 60° C})
Channels: 1 :
Modulation Acceptance: £5.0 KHz Nominal
Power Required: 12VDC, 50ma unsqueliched
25ma squeliched
Temperature Range: -40 to 60 degrees C

DECODER FEATURES

o The decoder has tone filters to eliminate noise and interfer-
ence from possible adjacent voice channels. This assures
accurate inputs to the computer =

¢ Two RS232C output ports standard

e 12Vdc battery operated or 110Vac operated

Duty Cycle: Continuous

Weight: Encased Unit: 3 pounds

Size: Encased Unit: 74" Wx 2%" Hx 9" D
Antenna Input Impedance: 50 ohms

50501D Decoder:

Power Required: 110Vac/60Hz or 12vdc

Current Drain: 50 milliamps

Operating Temperature Range: -30 to 60° C

Output: 2 channels RS232C with standard RS232C connector
Weight: 3 Ibs.
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-Model 5073
HYDRALERT SOFTWARE

Software: AvauIab!e ALERT' software comesin two packages standardand ENHANCED. Both versuons have an automated flood
forecast option. Each package is compatible with the U.S. National Weather Service ALERT standards and protocols.

STANDARD HYDRALERT SOFTWARE FEATURES

automatic data recovery. formatting. and filing
automatic error checking

100 sensor storage capacity

500 data reports stored per sensor

data storage to nearest 1 minute
“environmental data types

e data displays ,

precipitation group summary

single station display
remote user communications (e.g., telephone)
National Weather Service text file transfer -
precipitation map

automatic hourly map ' ’ ’ g precipitation
map up to 24 hours on-demand . . water levels
¢ audio/visual alarm . . temperature
precipitation . wind speed
water level : wind direction
¢ limited line printer output . . , barometric pressure

relative humidity,
snow pack water equivalent
analog sensor -

Model 5073E
Enhanced ALERT software contains all the teatures available International Hydrological Services
in the standard package plus: Enhanced ALERT System
"FEATURES ' - UTILITY PROGRAMS
full multi-user and multi-tasking capability _ ALARM-GROUP ............. SET ALARM FOR A GROUP
menu-driven operation ALARM-OFF ....... e TURN OFF ACTIVE ALARMS
on-lme. user assistance . ALARM-SEE .............. ... LOOK AT ACTIVE ALARMS
dynamic dat'a' storage allocation - ALERT ... ... i START ENHANCED ALERT
data base utilities and editing . STREAM-SET................ BASE SET STREAM GAGES
data stored to nearest second  DEF-DBASE .vrerrerransrrinnanns DEFINE DATA BASE
manual data entry , N : . -DEF-MAP .......cceeeei... DEFINE PRECIPITATION MAP
event repertmg and mterrogatnon capability DEFGROUP .......... DEFINE PRECIPITATION GROUPS
data archiving and retrieval , DEFINE-RATING............... DEFINE RATING CURVES
environmental data types . RAW-DATA...... SUUTTTTTT SINGLE STATION DISPLAY
user specified _ , o PRECIP ........... --.-PRECIPITATION GROUP DISPLAY -
data displays ‘ o HYDROGRAPH .........0........... HYDROGRAPH PLOT
mult!pte sensor type groups _ - MAP-ALPHA................ DRAW MAP BACKGROUNDS
precipitation group summaries NAMECHNG .......ovnuennn... CHANGE STATION NAME
user selectable date and time interval , _ PMAP........ e, DISPLAY PRECIPITATION MAP
_user selectable grouping - , SENSOUT ..o, DISPLAY SENSOR NAMES
single station L : SET-ALARM ... .veverannnnnn,s SET SENSOR ALARMS
user selectable date and time interval ' SHUTDOWN ... SHUTDOWN ALERT
data plots 3 ’ STAGES .....ovvverernanns. SENSOR GROUP DISPLAY
user selectable date and time interval : STGGROUP ....ovevvanaannnn. DEFINE SENSOR GROUPS
¢ rating curves TIMEZONE .........cc....... DEFINE LOCAL TIME ZONE

.

precipitation maps
up to 10 different map outlines
user selectable time and date interval
text labeling of station names
* action/response displays
¢ external control capability
terminals map displays, optional
alarms beeper systems optional
¢ audio/visual alarm
all data types can be alarmed
¢ complete line-printer output



Model 5071UPS
UNINTERRUPTIBLE POWER SUPPLY

GENERAL DESCRIPTION

The 5071UPS is used to keep the computer operational during power failures
and to protect the computer from low voitage “brown outs,” lightning or other
types of transient voltages and AC line noise. :

Since even a 16 millisecond loss of power can cause the computer to drop out
ot operation and need rebooting, Sierra-Misco considers the UPS essential for
the trouble tree operation of the central station.

Operation is simple. AC power is converied to DC power and is used to trickle
charge low maintenance 12 volt batteries. The batteries in turn supply power to
an inverter circuit which creates AC voltage for the computer and decoder.
There is no loss in synchronization, no loss in phase, and no loss in output
voltage during an outage or return to AC power.

The 5071UPS incorporates a two-stage precision battery charge system that recharges the battery system within 6 to 8 hours
after use. Once the batteries have reached 95% full charge, the two stage charge system switches to float operation.

When used with one 5071UPS-B Battery the UPS will operate a 5071 Central Site Display continuously for approximately 20
minutes. More batteries can be installed to allow for longer power failures. If extended power failures are anticipated a motor
generator set should be used in addition to the UPS.

A battery cable and battery are supplied with the UPS. -

- SPECIFICATIONS

Power Out

Power in

Operating Time with 1 Battery
Operating Life of Battery
Noise Attenuation

Regulation

Size

Weight

Model 5071UPS (60 Hz) ~ Model 5071UPS-2 (60 Hz)

5071UPS-1 (50 Hz) S5071UPS-3 (50 Hz)

300 8600

110/220 110/220

20 minutes 20 minutes

Approx. 5 years Approx. 5 years

>90 db >90 db

85 to 130 VRMS 95 to 130 VRMS

22" x 17" x 10" 22" x 17" x 10"

80 Ibs. 150 Ibs.
MICROCOMPUTER

The base station mierocomputer is an IBM PC/XT configured with 512 K of
memory, one 360 K 5 1/4" floopy disk drive, and a 10 MB hard disk drive.

OPERATING SYSTEM

The Enhanced ALERT software works under the QNX multl—user, multi-tasking

operating system,



APPENDIX B: STO_RM SURGE AND WAVE MODELS

El  SIORM SURGE MODELS
B.l.lllni.m::ﬁgn

Theoretical models of storm surges all involve some degree of approximation
and often questionable assumptions of the actual physies involved. The first
theoretical models of storm surge were analytical, calculating storm surge
along straight continental shelves with parallel contours and constant wind
stress. To solve these equations, bottom stress terms had to be linearized,
and other aspects of the physies were only approximate. In general, these
analytical techniques provide & useful basis for understanding some of the
physics of storm surges, but lack the full physncs governing the process required
for accurate predlctlons.

An alternative approach to storm surge modeling arose once computer time
became more readily available, and numerical techniques acquired more widespread
popularity. In the past fifteen years, ever-increasing numbers of numerical
models have been developed which can address storm surge problems. Many of
these models are similar, differing only in representation of some of the
terms in the equations of motion, or in the precise -detail of the numerical
implementation of a term (a good example being the varlety of ways to implement
the nonlinear inertial terms). Many of these models differ in a more fundamental
fashion, however, in that they represent different physics.

As an example, bottom stress —- the resistence of the rough ocean bottom
to propagation of ‘any surfaece disturbance -- can be approximated in many ways.
One approximation invokes a higher order turbulence closure scheme to approximate
the effects of bottom friction. This yields adequate results in many cases,
but also increases computational time and requires more assigned parameters.
A simpler approach is to incorporate a linear bottom friction model, where
the friction coefflclent is dimensional because of the linearity in velocity.

More complex, but largely empirical in derivation, is a quadratic friction
term, where the friction coefficient describing the coupling between the flow
and the bottom is a more appealing nondimensional number. These techniques -
generally  ignore flows at different time scales. For instance, a storm surge
model will ignore flows at much higher or lower frequencies. Although tides
may be incorporated in these models, the effects of surface gravity waves
(wind waves) and other disturbances generally are not included. Recent theory
has shown that higher frequency flows increase the bottom friction associated
with longer period motions such as tides and storm surges, so future storm

-surge models will have to improve the physxcs of this term,

The above example illustrates the magnitude of the uncertainty in developing
and applying a storm surge model. Computer methods have increased our abilities
to consider more realistic physical cases, but there are still theoretical
uncertainties as to what constitutes a realistic physical case. The importance
of differences in model details are vigorously debated among scientists and
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engineers developing these models. The bottom:line is that there is no single
‘model which will best fulfill the job of accurately predicting storm surge.
A model which performs well at one site may not perform well at another, because
of improper physies. For instance, a model with a poor bottom frietion represen-
tation may perform well in a deeper embayment, but do a much poorer job in
Long Island Sound, which is much shallower. The best model for a particular
area may also be too expensive to run for the variety of cases required for
compilation of an atlas of storm surge scenarios, for instance.

Following is a brief overview and description of the two major techniques
for estimating storm surges, and how they have been and may be applied to
the Connectlcut coast.

B.l.2  Statistical Storm Surge Studies

Many of the estimates of storm surge height are derived from historical
data concerning past storm surges. To interpret these past results and to
apply them to forecast future anticipated storm surges, the observations must
be placed into some statistical framework. This statistical framework is fraught
with uncertainties and assumptions, but can be applied in a climatological
sense to provide estimates of expeected surges. This method, however, cannot
provide estimates of expected surge during a particular storm, a shorteoming
making them of limited utility for this study.

Where possible, tide gage data are used to generate statistiecs of storm
‘surges (46, 187) in concert with non-gaged estimates of surge level during
large hurricanes and storms. These observations are then fit to a statis-
tical distribution of storm surges and superelevation. Boon et al. (187)
use a Poisson distribution, others use a. Weibel distribution, while Dewberry
and Davis (46) use a Pearson Type III distribution., There is considerable
debate about the proper type of distribution to use; if the forecast is. for
a 100-year frequency or greater, . the results may not be too sensitive to the
distribution. However, 500~-year events are partlcularly susceptlble to differences
in dlstrlbutmn selected.

Another common problem in using statisties of extreme events to forecast
flood levels is the occurrence of outliers., Outliers are generally extreme
events which significantly degrade the fit of the data to a statistical distri-
bution, compared to all other data. These outliers commonly are larger events,
which should influence the forecast. There is no standard technique for treating
outliers, but it is not uncommon to leave these out if the other data fit
the statistical model without it. Although not unecommon in practice, it might
be better to suggest a different model than to eliminate data because of lack
of fit. :

Most statistical storm surge models neglect changes in relative sea levels.
Since relative sea levels are indeed increasing along the Connecticut coast,
this should be considered in longer-term estimates of storm surge. It will

have no significant effect on storm surge estimates for time periods shorter

than 20 years or so.



STATISTICAL STORM SURGE STUDIES FOR LIS

There have been three major studies of statistics of storm surges along
the Long Island coast of Connecticut. The first, in 1973, was published by
the New England Division of the U.S. Army Corps of Engineers (COE) (89). Those
study results were revised in 1980 during the second study by the COE (6)
using tide-gage data from five stations (Willets Pont, NY; Stamford, Bridgeport,
New London, and Stonington, Connecticut)) A major decision in the 1980 study
was to eliminate the 1938 hurricane from the statistical model, thereby lowering
the 100-year flood estimates, particularly in eastern Connecticut. Tidal
flood profiles from this study are shown in Figure B.l. :

In 1982 Dewberry and Davis (D&D) performed the final study for the Federal
Emergency Management Agency (FEMA) (46), which was essentially a review of
the 1980 COE study. The major difference resulted in D&D's inclusion of the
1938 hurricane in their statistical model fit, particularly in eastern Connecticut
where the 1938 surge was highest. D&D recommended the adoption of the COE

- 1980 surge profiles, except in the New London area where an increase was suggested

to fit the 1938 hurricane data. The resulting profile (Figure B.2) was adopted
by FEMA for updates to its coastal flood insurance studies.

The latest 100-—year flood profile shows the highest flood level in western
Connecticut (12.2 feet NGVD), lowering to 10 feet by Stratford. From Stratford
east the level rises to about 10.7 feet at East Haven, followed by a gradual
decrease to about 10.0 feet at Waterford. At New London the level is 10.0

. feet NGVD. To the east of New London. the flood increases from about 10.0

feet to 10.8 feet at Stonington.

These flood profiles show that storm' surge increases dramatically within

.the Thames River estuary. According to the COE 1980 study, storm surge increased
. from 9.5 feet to 14.3 feet NGVD. at the 100-year level as the distance from

the mouth of the Thames River increased. The 1938 hurricane surge ranged
from 9.8 feet at New London up to 15.2 feet in Norwich. This estuarine effect
may not be modeled adequately by the numeriecal apprommatlons, so care should
be taken to assure that this merease in height in embayments is. known to
flood management personnel,

Hﬂ&.&’[QRM_SLIBﬁE_MQDEL_EQB_EXIRAIRQHQAL_SI_QRME

The NWS has adopted a storm surge model for extra-tropical storms (73)
which is a statistical storm surge model (or empirical, in NWS's terminology).
Using simple regression methods, the observations of storm surge at ten coastal
locations (with tide gages) are related to sea level pressure values as forecast
by the National Meteorlogical Center (NMC). Using 68 storms occuring from
1956 through 1969, regression equatiohs were established using a screening
procedure, to allow the best fit between observed surge and sealevel pressure,

at a minimum number of stations to reduce artificial predlctablllty and increase
forecast skill.

The procedure is entirely empirical, and is based on the observed and theorized
relationship between atmospheric pressure and storm surge. The errors in
this empirical technique can be very large, although it does & reasonable
job forecasting during some storms. These regression equations apparently
have not been updated since 1974, and there are no present plans to do so (71).
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For most of the ten stations, two regression equations were developed.
One, utilizing sea level pressure at several loeations, is used on the NMC
computers to generate a storm surge forecast that is provided to local National
Weather Service offices. A second equation, utilizing sea level pressure
from fewer locations, can be solved manually by local weather service offices
to forecast storm surge.

Stamford, Connecticut is one of the ten locations for which regression
equations were developed. Only five sea level pressure stations are used
in the Stamford equation (as opposed té 7 - 15 stations for most locations),

~and the same equation is used by both NMC and local weather service offices.

The equation used for Stamford is shown at Figure B.3.

SS(SFD) = 24.06 + ,06265 P(12); - 07930 P(31); - 03170 P(40),
+ .05521 P(18)Zt - .02926 P(27),

SS = Storm Surge (in feet)
P = Sea Level Pressure (in millibars)
(12) = Grid Point for Sea Level Pressure

= Time of Sea Level Pressure Observation

FIGURE B.3: Regressnon Equation for Extratropxcal Storm Surge Forecast,
~ Stamford, Connecticut

Figure 4.1 illustrates the forecast vs. observed storm surge at Stamford
for two storms in 1972, and indicates that the model consistently over-estimates
storm surge at Stamford. The COE, which uses NWS storm surge forecasts as
an aid in operating the Stamford Hurricane Barrier, also reported that forecast
surges are usually higher than recorded surges (25,39).

If the State of Connecticut were to incorporate this type of extratropical
storm surge forecast into a coastal flood warning system, several improvements
to the current procedure are suggested. First, the regression equations should
be developed for additional locations having storm surge records (Bridgeport,
New London, Old Saybrook). Second, the equations should include additional
sea level pressure stations which should be carefully chosen based on there
predective capability as indicated by historical records for many recent storms.
This improvement in the methodology of regression is needed to assure robust
estimates, and minimize problems of artificial predictability.

The utility of these statistical techniques is limited, however. It is
recommended that this methodology be replaced by dynamic models of storm surge,
even for extratropieal storms.
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To predict the storm surge associated with a storm of arbitrary features
(such as path, wind speed, size), the statistical storm surge summaries are
inadequate. Necessary in this situation is a realistic model of the effeets
of winds on the surface of the water, including all physics appropriate for
the ocean basin of concern. Generally the model uses as input some representatlon
of the storm, mcludmg its path, wind distribution, and speed.

For the case of hurricanes, such models have long been in existence. The
first such model, developed by Wilson in 1957 (188), includes the parameters
of central pressure index, the distance from the hurricane center to the point
of maximum winds, and the forward velocity of the hurricane. Subsequent repre-
sentations of hurricanes include a more realistic desecription, increasing
realism while also increasing computational time.

Models for extra-tropical storms are much more difficult to generalize,
and are derived most often from synoptic weather charts, updated every four-
to-six hours.

MODEL TYPES AND PARAMETERS

The number of numerical models which have been applied to storm surge problems
is very large, increasing rapidly each year. More than 30 such models were
reviewed as part of this study. The different types of models and some of
the important parameters used in such models are reviewed briefly in the following
pages. Although not exhaustive, this discussion provides some understanding
of the difficulties in representing the physics of the ocean in a numerical
format, and illustrates some of the pitfalls to be avoided.

For further review of the state-of-the-art in storm surge prediction, several
references are available. Marine Forecasting by Nihoul (189) provides a useful
review of the concepts of storm surge modeling, current to the date of publication.
Pagenkopf and Pearce (190) provide a detailed discussion of several types
of storm surge models, their differences, and their performance in predicting
surges during a hurricane. Many similar publications exist, from an introductory
level up to the most current.

Numerical storm surge models use the basic hydrodynamic equations governing
fluid flow as a starting point. The appropriate equations are the Navier-Stokes
equations for fluid momentum, and the continuity equation. The differences
are in the way these equations are implemented numerically, which terms are
included, how the terms are included, and the application of the solution
of these terms to a physical problem.

Some of the important classes of solution are discussed here. Basically,
the storm surge models include inertial effects, incorporating the unsteady
term in the equations of motion; the convective term; and a Coriolis acceleration,
The other terms in the equations are the pressure gradient term and the diss-
ipation term. Besides differences in numerical implementation and gridding
of the equations, the parameterization of the dissipation term is one of the
largest differences between various models. _
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One of the most fundamental differences between models is the numerical

‘scheme implemented. Two methods for approximating the equations of motion

numerically are finite difference and finite element techniques. Finite element
techniques have only recently (since early 1970's) become ‘popular in ocean

“hydrodynamics, while finite difference techniques have been around a long

time. . Pakenkopf and Pearce (190) provide a quantitative comparison between

- these two techniques, using a modified finite difference model of Pearce (191)

and finite element model of Connor and Wang (192) and Wang and Connor (193).
The finite element model is generally considered to be more appealing because
of its flexible grid,” where grid elements need not be of constant size. The
finite element implementation is normally considered to be more expensive
to run (194) although this is disputed by (190,195). Finite elements also

‘have different stability constraints than finite difference, allowing larger

time steps for'a given level of numerical stability.

" - Finite difference techniques are still the most widely used in spite of
the advantages of the finite element models. The higher cost of the finite
element technique has made many investigators shy away from it. Although
for a long-time-simulation the finite element scheme may be cheaper, it is
normally much more expensive for shorter simulations. The finite difference
method is also the most widely taught in engineering schools. :

To get around the problem of rectangular grids required by finite difference
models, several interesting schemes have been proposed and 1mp1emented First,
a boundary-fitted coordinate system has been suggested such that in a transformed
coordinate system the grid is rectangular, but in the non-transformed coordinate
system the grid is not regular. This allows the models to be adapted for
specific ‘geometries of shorelines. Examples of thls technique are Johnson
(196), Thomson et al. (197), and Spaulding (101).

Another solution has been to develop ‘a methodology for irregular grids
in finite difference techniques. An important series of articles on this
technique have been produced by Thacker (197, 198, 199). In this methodology,
an . irregular grid is produced to conform to the boundaries of the problem,
and the appropriate numerical transformations applied to it. Although this
technique has provided some interesting results, there is still a question
about stability of the method (195), and arguments about why it may be more
appropriate than alternative techniques. Finally, a variety of other grids
have been' applied, such as curvilinear grids and stretched rectangular grids.
These all must be applied with care, to avoid or minimize stability problems,
and are generally difficult to achieve maximum resolutlon in those areas where
it is needed most.

Since computational time and resultant . expense increases as the size of
the computational grid element decreases, there is considerable work on reducing
the size of the grid to an acceptable level, and living with the degree of
accuracy resulting (finite element grids do not have this limitation). The
smaller the grid size the smaller the time step required to achieve stability;
hence the trend (discussed above) towards achieving finite difference grids.
having variable resolution.  One way of getting around the limitations of
the finite difference restrictions is to run two grids, in a nested sense.
A coarse grid is run to cover the offshore conditions, where the fine resolution
is not needed, while a finer .mesh grid is run inshore, where resolution is
essential. This is an acceptable compromise for modeling areas with variable
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resolution requirements using finite difference techniques. It has been used
‘in Long Island Sound, for instance, by Gordon and Spaulding (99) and Spauldmg
and Gordon (100) to caleulate the tides.

Besides . the numerical implementation of the equations of motion, and the
problem of gridding the geographic area to obtain adequate resolution at &
reasonable cost, there is a consideration of the dimensions of the equations
to be calculated. The simplest models are one-dimensional, which the analytic
solutions tended towards. The next step is two-dimensional, the most common
being a vertically-integrated model with the vertical dynamics ignored. The
two horizontal coordinates, x- and y-, then express the momentum balances
in the flow. Finally, there is a class of three-dimensional models, which
are required to specify flows when the vertical dynamics are important., Generally
as the number of dimensions increases, the cost of the analysis increases.
Many examples of these different models exist, and are not detailed here.
Most storm surge models are vertically-averaged two dimensional models, since

the vertical dynamics are not particularly important in describing storm surge -
processes. Although this is an assumption placing a constramt on the accuracy

of the model, it is not an unreasonable assumption.

Other differences between models include the parameterization of bottom
friction and other dissipation processes. Many models use a quadratic bottom
friction, where the dissipation is proportional to the square of the near-bed
veloeity,- Commonly, a Chezy-type friction is applied, or a Manning formulation,
These ignore the effects of the bed geometry and the surface wind waves on
the bottom friction, a step which is reasonable in deep water but not acceptable
in shallow water. As Grant and Madsen (200, 201). have shown, in shallow water
where waves are important, these higher frequencyvmotlons increase the drag
felt by any longer period motions across the bottom. Incorporation of the
effects of the non-linear interaction between waves and currents is required
if dynamies of shallow water flows are to be deseribed accurately. Few numerical
models incorporate this bottom friction due to wave-current interaction, but
for Long Island Sound such a physical model should be included for accurate
storm surge prediction. : :

Another matter of critical econcern in numerical modeling is the prescription
of boundary conditions. Boundary conditions have a direct impact on the storm
surge calculations, and must be analyzed critically. For instance, at the
coastal boundary, several types of boundary conditions are possible. First,
there can be zero velocity normal to the boundary, a condition which is reasonable
if the coastline is a high, steep ecliff. This is a common boundary condition.
However, in the case of a low-lying shoreline, where wetting will occur, this
is an inappropriate boundary condition. In this case, more realistic boundary
conditions must be applied, with a knowledge of how flooding occurs. This
entails the use of a boundary condition applied along a moving boundary, a
modeling problem which has been solved before. . This moving boundary requires
fine resolution, again requiring a nested grid to allow computations to proceed
at a reasonable cost.

On the open boundary which terminates the model to seaward and laterally,
a similar dilemma arises. An open boundary will have several possible conditions
applied to it. Physically, one requires a description of the physics outside
of the region,  to matech with the physies derived for the interior with the

model. This is not generally known. To minimize these open boundary problems,
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one generally applies open boundary conditions far from the coastal region

‘of interest, and applies a condition which is not unreasonable physically.

The sensitivity of the surge calculation to -different open boundary conditions

can be determined numerically; if the model is extremely sensitive over the

time duration of the simulation, a more complicated open boundary condition

may be applied.

The simplest open boundary condition is that there is a continuity in sea
surface across the boundary, and that there is no flux parallel to the boundary.
As emphasized by Reid (202), this condition corresponds to complete reflection
of gravity waves. If this reflection is not large, or the time interval suffic-
iently small, this may not be a restrictive cese. When the surge behaves
like a free wave, a radiation condition must be apphed to mlmmlze the effects
of the reflect1v1ty of the open boundaries (203). ’

This brief overview of the modeling problems associated with implementing
the equations governing storm surge illustrates the variety of uncertainties
and problems associated with these models, With the debate within the scientific
and engineering community still showing no signs of abating, there is no clear
consensus on which model to use for what s1tuat10n. There are some clear
trends, however.

1) A two-dimensional numerical model is appropriate for storm-surge calcula-
tions. If the 2-D model uses finite difference techniques, a nested grid
must be used. If the 2-D model is finite element, then a single grid could
be used. ; R ' : ‘ '

2) The open boundary conditions must be implemented carefully. On the
open boundarxes, a radiation condition mey be reqtured for certain storm paths.
Since there is only a single open boundary in the Long Island Sound case,
this implementation should not be -difficult. If & radiation ‘condition is
not used, numerical experiments- must be run to show that the model is not
excessively sensitive to the type of open boundary condition selected.

3) The shore boundary conditions should reflect the possibility of land

' Wettmg for the low-lying areas of the Connecticut and Long Island shores,

paying partxcular attention to the estuaries of Connecticut. With the large
storm surge in the Thames River, for mstance, due consideration must be paid
to their effect on storm surge downstream. Again, numerical simulations should
be required to demonstrate the sensitivity of the model to the boundary conditions
selected. :

4) Any model will require input of meteorologlcal conditions to run the-
model. Some models will work off atmospheric pressure input, others need
calcuated winds. Some models require speed of movement of the storm, others
will . interpolate from synoptic weather charts. For tropical cyclones, most
models incorporate a simple model of winds within a cyclone, requiring only
parametrie input such as central pressure anomaly, some length parameters
relating to winds, and speed of propagation. Preferable by far is a model
whieh accepts atmospheric pressure input, and calculates the surface wind
stress field from that. A comprehensive storm model may not apply to all

-types of coastal storms, but should be emphasized in future research on progress
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in storm surge modeling.

5) Shallow water processes should be represented well in any model of
Long Island Sound. Bathymetry must be input with as much resolution as possible,
and incorporation of nonlinear bottom stress due to wave/current interaction
should be made if possible. '

6) Because of the effects of tides on storm surge, the numerical model

should combine a.tidal model with a pure storm surge model. This way total
water elevations can be predicted, not just the storm surge component. If
this model is run in real-time, such a tidal inclusion is straight-forward,
and is routinely performed. If the model is run in a forecast mode with an
eye towards generating an "atlas" of storm surge scenarios, then the tlde
must be added in after the model is run. :

WWW
Several numerical storm surge models, or portions of larger models, which
have been used in Long Island Sound are briefly reviewed below.

Laevastu and Callaway (204) had a 2-D finite difference model of Long Island
Sound as part of a larger model. This model had a grid spacing of 6.6 km.
The grid is so coarse as to be of little value in the prediction of local
storm surges. : .

Leendertse and Liu (205) applied a 3-D numerical finite difference model
to Long Island Sound, using a horizontal grid spacing of 1.9 km. These were
of short duration (order of a single tidal cyecle), the primary intent being
to estimate turbulent energy fluxes in the region.

Beauchamp and Spaulding (206) deireloped a tidal model of Long Island Sound

as part of the New England Bight, using a 2-D finite difference model with

1.852 km grid spacing. With limited observations available against which
to compare the model, the work could not be evaluated completely.

Murphy (207) applied the same 2-D finite difference model to a small area
-within Long Island Sound. The results are not particularly applicable to
the present study. .

Two models will be discussed in a little more detail: one by Spauldmg
and Gordon (100), and the SLOSH hurricane model by NWS (93, 94)

-~ Spaulding and his associates have extensive experience in
modeling  the waters of southern New England. Papers by Gordon and Spaulding
(99) and Spaulding and Gordon (100) discuss the application of a nested numerical
tidal model to the southern New England waters, including Long Island Sound.
Although primarily a tidal model, it can be adapted easily to include storm
surge effects. The model is a 2-dimensional, vertically integrated finite
difference implementation of the equations of motion. It has ignored the
convective acceleration terms, and employs a Chezy-type bottom friction formula-
tion, It ignores the wave-current interactions and their effect on bottom
friction. The larger grid interval was 5.55 km, while the smaller grld interval
was 1.852 km. The model appeared to work well on tidal t1me scales associated
with this study.
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Since storm surge effects were not included, there was no wind stress term,

‘and the time history of development of a wind field could not be included.

In a later paper (101), wind stress (or surface stress) was included in the
formulation using boundary fitted coordinates, and applied to the North Sea.
Any future application of the Spaulding-type models must include a storm model
for generating vector wind fields. Such a model is not deseribed in the 11terature
in connection with the tide models cited above.

NWS SLOSH Model -~ SLOSH (Sea, Lake, and Overland Surges from Hurricanes)
is a numerical tropical storm surge model developed for real-time forecasting
of hurricane storm surge along the continental shelves. It was adapted from
an earlier model used by NWS, SPLASH (Special Program to List Amplitudes of
Surges from Hurricanes), It is a two-dimensional, finite difference numerical
model, with & curvilinear, polar coordinate grid (Figures B.4. and B.5) to
increase near-field resolution, while sacrificing far-field resolution. The
model includes a storm wind model, whlch is fed by several time-dependent
meteorologieal storm variables:

1) Latitude and longitude of storm' positions at 6-hour intervals for a
72-hour storm track. This begins 48 hours before the storm's nearest approach,
and ends 24 hours after the nearest approach.

2) Storm central pressure at 6-hour intervals,
3) Storm size (center to region of maximum winds) at 6-hour intervals.

Wind stress vector fields are computed independently by the model, and
are not input parameters. The initial height of the still-water surface before
the storm is required. Far-field boundary conditions are computed far from
the region of forecast interest to minimize their effects on the simulation.
All geographical and bathymetric data must be input by the user, continually
updating it in. the case .of real—tlme simulations to assure proper boundary
performance,

The SLOSH model makes several approximations: First, it does not include
the advective terms from the equations of motion, since they have been shown
to be small except in regions of large velocity gradients. Second, it incorporates
a time-history bottom stress formulation (208), which does not incorporate
Chezy-type friction coefficients, nor wave-current interactions. NWS acknowledges

" that the wave/current interactions are important on shallow shelves, but not
on those of intermediate depth. Since Long Island Sound is a shallow shelf,

bottom friction due to nonlinear wave/current interaction should be included.
Other wind-wave effects such as run-up and set-up are not treated  explicitly.
They are treated implicitly in their use of bottom stress terms and other
terms which are derived empirically from a historical data base. These wave

terms act as noise sources, and their effects are included although not in

a physical manner,

The SLOSH formulation does not include a tide model w1th1h it. The reason

for this is the. uncertainty in timing of tropical cyelones with respect to

the surface tide. The second reason is that the SLOSH model is also used
in a forecast, or "atlas" mode, where the storm surge is simply added to the
correspondmg tide. The error in not including the tidal calculation arises
in the finite amplitude terms, where the surface tide may raise or lower the



B-18

NARRAGANSETT AND BUZZARDS BAYS

SLOSH BASIN

’

Source:

Techniques Development Laboratory, National

Weather Service, Silver Spring, MD.

FIGURE B.4: Polar Coordinate for Narragansett and Buzzards Bays

SLOSH Basin
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datum on which the storm surge acts. This should not be a major drawback
in the Connecticut coastal area where tides are relatively low.

In application to the Connecticut coast, the SLOSH model has some problems

inherent in it. Because of the shallow nature of Long Island Sound, the bottom
friction formulation used in SLOSH will not correctly predict dissipation.
Future improvements to SLOSH could include better representation of the physics
of the bottom boundary layer, which could be done with no large increase in
run costs. '

If the SLOSH results do become available for the Connecticut coast as they
should in the near future, careful comparison with observed storm surge should
be carried out, and the source of any discrepancies identified. Bottom friction
is one source which could be poorly represented by SLOSH, but locally advective
effects could be important (they are ignored by SLOSH).

Another major concern in the Connecticut coast is the effect of Long Island
on tropical cyclone passage. As seen in the 1976 Hurricane Bell and 1985
Hurricane Gloria, Long Island appears to have a major effect on the wind field
of hurricanes. If the forecast winds were much larger than actual winds,
hurricane surge would be overpredicted, with consequent increased expenses
associated with evacuation. This emphasizes the need for evaluation of the
model locally, where the wind field around a hurricane becomes extremely complex.
The 1938 hurricane and the 1985 Gloria would be useful examples against which
to compare the wind stress model and resulting storm surges.

The polar grid must be implemented carefully along Long Island Sound to
assure a uniform grid. Large alongshore differences in grid spacing would
result in greater uncertainties in storm surge simulation in some areas than
others. The State should consult with NWS when model simulations are run.

B.2.J  Introduction

Wave forecasting and hindeasting are accomplished by approximating the
physics of wave generation and wave transformation by parametric or numerical
methods. Although these techniques date back quite a few years, the earliest
publication in book form of whieh is Sverdrup and Munk (209), recent advances
in these techniques make them more reliable and accurate. Since these techniques
are only approximate, they don't reproduce exactly the correct physics behind
wave generation and transformation. Some of the techniques are more appropriate
for deep water uses (such as the Navy's Fleet Numerical Weather Central wave
model), while others do a much better job approximating physics of shallow
water waves. Some require elaborate computers for calculation, and long compu-
tation times, while others require only limited computation, being accomplished
mainly by nomographs. Almost all methods use the synoptic wind field as input
for calculations. Since the fine details of the synoptic wind field are not
available, local variability in waves often is underestimated by these models,

N
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In general, wave models can be considered discrete or parametric, The
discrete models attempt to simulate the wave energy balance or transport equation
dlrectly, with all of the wave generation (source) terms and the wave dissipation
(sink) terms. These models, dating back to Pierson et al. (210), have advanced
considerably over the past twenty years. They must all use some parameter-
ization or representation of the various source and sink terms to provide
adequate results. In contrast, a class of models known as parametrlc wave
models have evolved from the initial work of Sverdrup and Munk (209), in which
the major features of a wave are derived more simply (represented in nomograph
form by S-M), reducing computational cost. All rely to some degree on emplnclsm,
relating wave characteristics to the forcing terms (wind).

As might be predlcted, these two approaches have led to hybrid models,
where elements of discrete models are combined with elements of the parametric
models, This hybrid approach can be used to describe different elements of
the wave field, or the wave field at different stages of development. There
is considerable, ongoing debate over which of these two (or three) types of
models is most appropriate for shallow water conditions.

The COE for instance, historically has used a parametric approach, as described
in the Shore Protection Manual. Recently, however, they have been developing
a discrete wave model for use in shallow water. Its performance has not yet

been tested completely with field data. In contrast, much recent work has :-

gone into improving parametric wave models. Several oil companies are now.
providing an intercomparison of the models to try to evaluate the performance
of the different models. The results of an experiment in the early 1980's
(211) showed that the differences between model results 'are large, and not
explainable by uncertainties in meteorlogical conditions. The debate will
continue as the proponents of the different models continue their theoretical
development and comparison with field data (which are extremely sparse).

For the Long Island Sound case, & model should be selected which will acecount
for finite depth effects, and not rely on deepwater relationships. Such models
exist in both a discrete and parametric form. Very important in the finite
depth case is a proper representation of the bottom friction term, as well
as other sources and sinks. Given the variety of different models available,
the fact that they all yield results distinet from one another, and the fact

-that there has been no definitive 1ntercomparlson because of lack of a good

data set, there is considerable latitude in selection of an appropnate wave
forecasting model. ,

B.2.3 NWS Wave Forecast Model

The National Weather Service uses a wind-wave forecast for. generalized
offshore wave conditions. This wave forecast is of the parametric type, based
largely on empirical relationships between the size of waves generated by
specific winds. It follows in the mold of the Sverdrup-Munk-Bretschneider
(SMB) type methodology first developed in 1947. Three parameters required
to use these nomographs are wind speed, fetch length, and wind duratlon.
Each of these is discussed briefly below. _
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Wind speed suffers from need to specify average wind speed over the fetch
‘of the storm and over the duration during which it existed. This specifi-
cation is a primary weakness of the limited nomographs, since the precise
details of the averaging can affect the final result. The wind speed has
to be adjusted for atmspheric boundary layer effects; thus wind cannot be
input simply from calculated geostrophic (or thermal) winds generated from
synoptlc pressure charts. Details of this correction are generally 1gnored
in most parametric forecasts of this type. _

Fetch is the distance over which the "constant"” wind has been blowing.
For an easterly wind in Long Island Sound, for instance, the fetch is much
smaller in eastern Connecticut than in western Connecticut. The definition
of the fetch is determined by some subjective decisions about the size of
the pressure system causing the winds, and other such matters. The definition
of fetch therefore is far from exact.

The final term needed to apply these nomograms is the duration of the wind.
This must be the representative time during which the wind speed has acted
over the prescribed fetch. Clearly these three parameters must be chosen
carefully to make this simple forecast of wave conditions. '

For the NWS purposes of providing marine forecasts for mariners, genera-
lized wave forecasts may be adequate. However, since these simple nomograph
techniques ignore all details of wave scattering and dissipation, they are
not applicable to forecasting wind waves for coastal localities. Examples
of the major areas of omission in the nomographs include: no bottom friction,
no wave refraction, no wave reflection, no wave diffraction, lack of ineclusion
of a time-variable wind field and fetch length. Again, these omissions may
not affect the generalized wave forecasting needs of NWS, but they are critical
to the mlSSlOll of accurately forecasting coastal wave flelds.

For purposes of providing coastal flood warning to the residents of a coastal
reach, the NWS methodology is clearly inadequate. For best results, a numerical
wave forecast model is required, which includes the full effects of dissipation
and scattering.

B2.4  Elements of a LIS Wave Model
The important elements of a wave model to be considered for LIS include:

--  Shallow water form . '

--  Appropriate form of bottom friction to account for nonlinear losses

~~ Ineclusion of wave refraction/diffraction for shallow water.

--  Proven performance and rel‘iability

--  Reasonable performance in standard intercomparisons

-~ Reasonable cost and efficiency

--  Appropriate and separate treatment of both locally-generated and swell-
components,

-- Some spectral form to properly account for wave-wave interactions.

Based on a survey of the field and opinions of other oceanographers in
the field, one excellent choice for providing LIS wave forecasts is the hybrid
wind-wave model of Graber (105).
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In this hybrid model, Graber uses the shallow water form of the wave equations,

"applying the most advanced friction estimates to correct for finite depth

effects, and incorporates refraction and shoaling. This model has been run
for a variety of different locales, and a variety of different conditions,
with reasonable results.



APPENDIX C: GLOSSARY OF ABBREVIATIONS

AFOS - Automation of Field Operations and Service

ALERT - Automated Local Evaluation in Real Time

ASERT - Automated State Evaluation in Real Time

BW ~ Burcau of Waterways (DOT)

CAFW - Committee on Automated Flood Warning

CERC- Coastal Engineering Research Center (Corps of Engineers)
COE - U.S. Army Corps of Engineers (DOA)

CSP - Connecticut State Police

DEP - Department of Environmental Protection (CT)

DOC - Department of Commerce (US)

DOT - Department of Transportation (CT)

EPA - Environmental Protection Agency

FEMA - Federal Emergency Management Agency

FIRM - Flood Insurance Rate Map

FIS - Flood Insurance Study

GOES - Geostationary Operational Environmental Satellite
IEMIS - Integrated Emergency Management Information System
LIS - Long Island Sound

MAPONY - Maritime Administration, Port of New York
MEOW- Maximum Envelope of Water

MHW - Mean High Water

MLLW - Mean Lower Low Water

MLW - Mean Low Water

MSL - Mean Sea Level _

NAS - National Academy of Sciences

NAWAS - National Warning System

NERFC - Northeast River Forecast Center (NWS NOAA)
NGVD- National Geodetic Vertical Datum (1929 datum)
NGWLMS - Next Generation Water Level Monitoring System
NMS - National Meteorological Center (NWS, NOAA, DOC)
NOAA - National Oceanic and Atmospheric Administration (DOC)
NOS - National Ocean Service (NOAA, DOC)

NRC ~ Natural Resources Center (DEP)

NWLON - National Water Level Observation Network

NWR - NOAA Weather Radio

NWS - National Weather Service (NOAA, DOC)

OCP - Office of Civil Preparedness (CT)

SCS - Soil Conservation Service (DOAg)

SIO - Scripps Institute of Oceanography

SLOSH - Sea, Lake and Overland Surges from Hurricanes
SPLASH- Special Program to List Amplitudes of Surges from Hurricanes
TDL - Techniques Development Laboratory (NWS, NOAA, DOC)
UCONN - University of Connecticut

UHF -~ Ultra High Frequency

USGS - U.S. Geological Survey (U.S. Dept. of the Interior)
VHF - Very High Frequency

WHOI - Woods Hole Oceanographie Institution

" WRU - Water Resources Unit (DEP)

WSFO - Weather Service Forecast Office

WSO - Weather Service Office
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